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Notes on a Collection of Orchids from Ponape, Caroline Islands’ 


ALEX D. HAWKES? 


THE CAROLINE ISLANDS of the Micronesian 
area of the Pacific, which extend in an approx- 
imately east-west direction for some 1,950 
miles, between about 5° and 10° north lati- 
tude, are almost directly north of New 
Guinea, the Bismarck Archipelago, and the 
Solomon Islands, the center of distribution 
for the family Orchidaceae. It is, therefore, to 
be anticipated that the orchid flora of the 
Carolines is fairly extensive; such is indeed 
the case, though our knowledge of the flora 
of the area is still somewhat incomplete. The 
novelties incorporated in the present paper 
indicate that further exploration in the Caro- 
lines will doubtless increase the numbers 
known in the orchidaceous flora of the 
islands. 

The present interesting collection of Orchi- 
daceae from Ponape was assembled by 
Philip A. Adams, while engaged in entomo- 
logical surveys of the island.* The materials, 
consisting of both herbarium and living 
specimens, were sent to the Botanical Garden 
of the University of California at Berkeley at 
the instigation of Dr. T. Harper Goodspeed. 
The writer must thank him for permission to 
study the collection, and for reading and 
checking the paper in its final stages. His 
further thanks go to Dr. Lincoln Constance 
for assistance in taxonomic problems and for 
supervising the work in progress; and to Dr. 
Rimo Bacigalupi for assistance with the Latin 
diagnoses. 


1Contribution No. 122 from the Botanical Garden 
of the University of California. 

*Department of Botany, University of California, 
Berkeley. Manuscript received February 13, 1951. 

®These studies were aided by a contract between 
the Office of Naval Research, Department of the Navy, 
and the National Academy of Sciences (NR161-472). 


BULBOPHYLLUM Thouars 


Orch. Iles Afr., Tabl. des Espéc. 3, et Icon., 
tt. 93-97, 1822. 

Eight or nine species of this gigantic and 
highly complex genus are now known from 
the Carolines. The group would greatly profit 
by critical revision in the area. 


Bulbophyllum Gibbonianum Schltr., Engl. 
Bot. Jahrb. 56: 483, 1920. (§ Scyphose- 
palum) 


Mt. Sankaku, 1,100 ft. alt.: this species 
grows on tree trunks, fallen logs, mossy rocks 
and soil. Especially healthy plants were on 
rotten logs and bases of Bird’s Nest Ferns 
(Asplenium nidus L.). The flower is eggplant 
purple. The species was seen nowhere but on 
the summit of Mt. Sankaku. August, 1950, 
P. A. Adams 24. 

This attractive dwarf epiphyte was origin- 
ally described from specimens collected by 
C. Ledermann on the island of Babelthuap in 
the Palau group. Our plant is rather larger in 
all parts than the type material, and differs in 
floral color, the blossoms as described by 
Schlechter being noted as “‘rotbraun, mit 
braungelber Lippe.” It has not been reported 
previously from Ponape. The only other 
species of the section Scyphosepalum is the New 
Guinean B. nuruanum Schltr. Living material 
is in cultivation at the Botanical Garden of 
the University of California at Berkeley. 


Bulbophyllum micronesiacum Schltr., 
Engl. Bot. Jahrb. 56: 482, 1920. (§ Dialei- 
panthe) 


Mt. Beirut, 2,200 ft. alt.: epiphytic, com- 
mon in primary forest from about 1,500 ft. 


[3] 








Petals greenish white, pink at bases. Spur of 
chin deep red. August, 1950, P. A. Adams 16; 
Mt. Kubersoh, 2,000 ft. alt.: on base of Bird’s 
Nest Fern. August, 1950, P. A. Adams 22. 

Bulbophyllum micronesiacum Schltr. is also 
known from Yap and Rota, and from Babel- 
thuap in the Palaus. It is a very distinctive and 
handsome large-flowered species allied to 
B. guamense Ames from the Marianas. Living 
material is in cultivation at the Botanical 
Garden of the University of California at 
Berkeley. 


Bulbophyllum urceolatum A. D. Hawkes, 
sp. nov. (Fig. 1) 


Herba epiphytica nana repens. Rhizoma 
repens, cylindricum. Pseudobulbi ascendentes 
arcuati semi-erective, ovoidei usque ad cylin- 
drico-ovoidei, leviter angulati, diphylli. Folia 
2, id interiorum insigniter parvius ac minus 
evolutum, erecta arcuatave, coriacea, ovato- 
lanceolata usque ad oblongo-lanceolata, plus 
minusve carinate apiculata vel oblique bilo- 
bata, basi angustiora conduplicataque. In- 
florescentia verisimiliter terminalis, erecto- 
arcuata, uniflora; rachis leviter angularis. 
Flores solitarii, erecto-arcuati, urceolati, cori- 
acei. Sepala basi coherentia apice ecurvata, 
triangulari-lanceolata triangulari-ovatave, 
acuta, marginibus patrium liberarum leviter 
introrsis; lateralia basi mentum rotundo- 
truncatum formantia, prominente carinata. 
Petala sepalis aequilonga, lineari-lanceolata, 
infra medium abrupte expansa, acuta, apice 
ecurvata, basi truncata. Labellum  semi- 
transparens, textura tenuissima, immotum, 
expansum obovatum, basi unguiculatum, 
subacutum, ecallosum, prope basin saccum 
truncatum formans, margine laterali- leviter 
incurva, disco lineas irregulares longitudinales 
aliquanto impressas ferente. ; 

Dwarf creeping epiphytic herb. Rhizome 
repent, 2-3 mm. in diameter, more or less 
covered with somewhat leathery, brown 
sheaths, giving off pseudobulbs at intervals, 
mostly cylindrical. Roots filiform, flexuose, 
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Fic. 1. Bulbophyllum urceolatum A. D. Hawkes, sp. 
nov. 4, Habit, X1; 4, flower, lateral view, one lateral 
sepal removed, X2.5; c, labellum, lateral view, x5; 
d, labellum, dorsal view, <4; e, labellum, ventral view, 
x4; f, petal, X5; g, lateral sepal, X2.5. 


brown or reddish-maroon, distinctly villous 
when young, later glabrous. Pseudobulbs 
produced at intervals, 2-12 mm. apart, 
ascending, somewhat arcuate or semi-erect, 
ovoid to cylindrical-ovoid, often vaguely 
angular (especially when young), wrinkled 
when old, 12-15 mm. long, 6-8 mm. in diam- 
eter near base, narrowing above, diphyllous; 
basal sheaths usually geminate, caducous, 
scarious, triangular - lanceolate, acuminate, 
about 1 cm. long and about 8 mm. broad 
basally. Leaves 2 (one often caducous), the 
inner one much smaller and less developed, 
erect or arcuate, leathery, light green, ovate- 
lanceolate to oblong-lanceolate, more or less 
carinately apiculate to obliquely bilobate, 
narrowed and conduplicate basally, 4—7.5 cm. 
long, 8.5-16 mm. broad at widest point; 
secondary leaf less coriaceous in texture, 
carinately apiculate, rather conduplicate, ob- 
long-lanceolate to ovate-lanceolate, about 
2.5-3 cm. long, about 5—7.5 mm. broad. In- 
florescence apparently terminal, erect-arcuate, 
1-flowered, to about 4 cm. long; rachis 
vaguely angular, about 1 mm. in diameter, 
tinged with vermilion above the bract, green 
below; bract solitary, clasping basally, sub- 
membranaceous, triangular-lanceolate, long- 
acute, about 2 mm. long. Flower solitary, 
erect-arcuate, urceolate, coriaceous, the sepals 
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and petals flaring somewhat in apical half, 
odorless, 11 mm. long, about 5 mm. broad, 
basal half vermilion, apical half canary yellow. 
Sepals similar, thick, coherent for about half 
of length (the laterals slightly more), flaring 
apically, triangular-lanceolate or ovate-tri- 
angular, acute, the margins of the free portion 
slightly introrse, about 10.5 X3 mm..; laterals 
at base forming a rotund-truncate mentum 
about 3 mm. long, rather prominently carin- 
ate. Petals almost as long as sepals, about 1 
mm. wide, linear-lanceolate, with a slight, 
rather abrupt expansion just below the mid- 
dle, acute, the apex curved outward, truncate 
basally. Labellum very thin in texture, almost 
transparent, 8X3 mm., non-mobile, entire, 
obovate when expanded, unguiculate basally, 
acutish, expanded into a rather truncate sac 
near base which projects half-way under the 
unguicule, ecallose, with irregular, somewhat 
impressed longitudinal lines along the disc, 
lateral margins somewhat incurved. 

Mt. Beirut, 2,200 ft. alt.: on trees with #9 
(Bulbophyllum sp.). Flowers of this species not 
seen, but I am told that they are pale orange 
with green-tipped petals, arising singly from 
the tips of the pseudobulbs. August, 1950, 
P.A. Adams 10, TYPE, flowering under culti- 
vation at the Botanical Garden of the Uni- 
versity of California, and deposited as a 
pickled specimen in the Herbarium of this 
institution. 

This handsome little epiphyte is not allied 
to any species of Bulbophyllum known to the 
writer. Its labellar structure, coupled with the 
unique conformation of the flowers, appears 
unique in the genus. 


Bulbophyllum sp. 


Mt. Beirut, 2,200 ft. alt.: on dwarf trees 
with #10 (Bulbophyllum sp.), #7 (Diplocaulob- 
ium carolinense A. D. Hawkes), #5 (Dendrobi- 
um nanarauticolum Fukuyama), #16 (Bulbo- 
phyllum micronesiacum Schitr.). Flower not 
seen. August, 1950, P. A. Adams 9. A sterile 
specimen, with living material in our col- 
lections. 


DENDROBIUM Swartz 


Soc. Sci. Uppsala, Nova Act. 6: 82, 1799. 

This is the largest genus in the Caroline 
orchid flora, with 15 or 16 species now known 
from the area. 


Dendrobium Adamsii A. D. Hawkes, sp. nov. 
(§ Grastidium) 


Herba epiphytica verisimiliter elongata. 
Caulis (in specimina mihi visa imperfectus) 
12 cm. longus, 2.5-3.5 mm. latus, leviter 
arcuatus, luteus, vaginis foliorum arcte ob- 
tectus, complanatus. Folia numerosa, cori- 
acea, 5-5.5 cm. longa, usque ad 8-10 mm. 
lata, oblongo-lanceolata, apicibus angusti- 
oribus ensiformi-linearibus, emarginatus vel 
oblique bilobatis, basi obscure conduplicata. 
Pedunculi abbreviati, ca. 3 mm. longi, 
bracteis paucis obtusis obtecti. Flores soli- 
tarii vel 2-ni, membranacei, 1.5 cm. longi, 
campanulati. Sepala lineari-lanceolata, 12 mm. 
longa, 1.5 mm. lata, acuta, lateralia margine 
anteriore basi dilatata cum pede columnae 
mentum triangulum vel rotundo-triangulum 
obtusumque formantia. Petala sepalis later- 
alibus similaria lineari-lanceolata, apice ob- 
tusa. Labellum parvum, trilobatum, apice 
recurvatum; lobis lateralibus erectis, triangu- 
laris, margine anteriore dentatis; lobo inter- 
medio cuneato-oblongo, papilloso, apice 
acuminato quasi caudato. Columna brevis, 
quasi quadrata. 

Epiphytic herb, in our specimen incom- 
plete, apparently rather elongate. Stem (in- 
complete) 12 cm. long, 2.5-3.5 mm. thick, 
rather arcuate, yellowish, vaguely zigzag, 
virtually covered by persistent sheathing 
leaf bases, complanate, the leaf bases mostly 
about 1.5 cm. long, obscurely articulate. 
Leaves numerous, rather coriaceous, 5—5.5 
cm. long, 8-10 mm. wide at broadest point, 
oblong-lanceolate, narrowing rather abruptly 
toward the much narrower ensiform-linear 
apical portion, which is deeply emarginate or 
obliquely bilobate, basally somewhat con- 
duplicate. Peduncles abbreviated, about 3 
mm. long, almost as broad, covered with a 
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few obtuse bracts. Flowers solitary or paired, 
rather membranaceous when dry, “‘pale green, 
petals pinkish inside, labellum with purplish- 
red median mark inside, very fragrant, wilt 
after about 6 hours”’ [fide collector], 1.5 cm. 
long, campaanulate, borne on vaguely arcuate 
rather robust pedicellate ovaries about 8 mm. 
long. Dorsal sepal linear-lanceolate, acute, 12 
mm. long and 1.5 mm. broad. Lateral sepals 
oblique, basally connate into a large, angular, 
compressed mentum that is triangular-rotund 
and obtuse in shape, about 6 mm. long and 
3 mm. deep; lamina linear-ligulate or ovate- 
ligulate, truncate or obtuse, about 12 mm. 
long and 1 mm. wide. Petals similar in size 
and shape to lateral sepals but more lanceolate 
basally, obtuse apically. Lip small, the tip re- 
curved, about 5 mm. long and 1.5 mm. broad, 
prominently trilobate; lateral lobes erect, 
triangular, forward-slanting, the anterior mar- 
gin strongly dentate; midlobe cuneate-ob- 
long, covered with a dense growth of apicu- 
late papillae, the apex acuminate and almost 
caudate. Column 0.5 mm. long, almost as 
wide, semiquadrate; foot large. 

Mt. Kubersoh, 2,000 ft. alt.: on mossy 
tree trunks, flowers pale green, petals pinkish 
inside, labellum with purplish-red median 
mark inside; blooms very fragrant, wilt after 
about 6 hours. August, 1950, P. A. Adams 
19, TYPE, deposited in the Herbarium of the 
University of California at Berkeley (916873). 

This is a rather handsome species of § Gras- 
tidium, whose closest alliance in the Caroline 
orchid flora is with Dendrobium implicatum 
Fukuyama, D. patenti-filiforme Hosokawa, and 
D. ponapense Schitr.; it also exhibits some af- 
finity with the Moluccan D. pruinosum Teijsm. 
& Binn. It differs from D. implicatum, its 
nearest relative, in its more plane lateral 
sepals, the dimensions of the mentum, the 
size and general aspect of the flowers, and the 
more robust vegetative habit. Living material 
of the novelty, which I take pleasure in nam- 
ing for its collector, is in cultivation in the 
Botanical Garden of the University of Cali- 
fornia at Berkeley. 
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Dendrobium carolinense Schltr., Engl. 
Bot. Jahrb. 56: 472, 1920. (§ Grastidium) 


Mt. Kubersoh, 1,200 ft. alt.: on dead tree 
trunk with Bird’s Nest Fern. Flowers pale 
golden yellow with bright orange median 
mark on inside of white labellum. August, 
1950, P. A. Adams 18. A very handsome epi- 
phyte, known now from Kusaie, Truk, and 
Ponape, where it appears to be rather wide- 
spread in its occurrence. 


Dendrobium implicatum Fukuyama, Bot. 
Mag. [Tokyo] 51: 901, fig. 2, 1937. (§ Gras- 
tidium) 

Mt. Tolotom, 1,700 ft. alt.: on trunk of 
hardwood, flower pale pink with darker macu- 
lations, August, 1950, P. A. Adams 3; Mt. 
Tolenkiup, 1,700 ft. alt.: epiphyte, flower pale 
green. August, 1950, P. A. Adams 13. 

The type specimen of Dendrobium impli- 
catum Fukuyama was collected by T. Hoso- 
kawa in the Palau Islands, with the comment 
“in parinarietis.”” Our present material from 
Ponape is fragmentary, but the plants appear 
to be much smaller in all parts than the type 
(e.g., Adams 13 has flowers which measure 
only about 2 cm. long, whereas the lateral 
sepals of Hosokawa 7275 reach a length of 
4-4.5 cm.). Living material is being grown in 
our collections. 


Dendrobium nanarauticolum Fukuyama, 
Bot. Mag. [Tokyo] 51: 900, fig. 1, 1937. 
(§ Oxyglossum) 


Mt. Tolotom, 2,100 ft. alt.: on mossy trees 
with #1 (Dendrobium violaceo-miniatum Schltr.) 
and #4 (Geissanthera Hosokawae (Fukuyama) 
A. D. Hawkes), also common on the summit 
of Mt. Beirut. August, 1950, P. A. Adams 5; 
Mt. Kubersoh, 2,000 ft. alt.: same sp. as #5, 
on mossy trees. August, 1950, P. A. Adams 
23. 

This is an attractive, very dwarfed epiphyte 
which at first inspection appears to be a 
species of Bulbophyllum Thou. The section 
Oxyglossum is predominantly New Guinean in 
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distribution, with about 25 species native on 
that island; the present plant is apparently 
closest to D. coerulescens Schltr. The type 
specimen (Hosokawa 6003) was collected on 
the Ponapean Mt. Nanaraut (= Nanalaut) at 
an elevation of 680 meters. 


Dendrobium ponapense Schltr., Engl. Bot. 
Jahrb. 56: 471, 1920. (§ Grastidium) 


Mt. Sankaku, 1,100 ft. alt.: on tree trunks, 
hanging from Bird’s Nest Ferns, etc. The 
older plants all had an accumulation of or- 
ganic material in the roots; epiphytic; bloom 
white, inside of labellum violet with pale 
median orange stripe. The showiest Den- 
drobium encountered. August, 1950, P. A. 
Adams 29. 

The type of this handsome epiphyte was 
collected by Ledermann on the island of 
Ponape, “‘ohne nahere Angaben.” It is allied 
to the new Dendrobium Adamsii A. D. Hawkes 
(supra), D. implicatum Fukuyama and D. 
pruinosum Teijsm. & Binn. Our specimen, 
though incomplete, appears to match rather 
well the type description by Schlechter. Living 
material is in cultivation at the Botanical 
Garden of the University of California at 
Berkeley. 


Dendrobium violaceo-miniatum Schletr., 
Engl. Bot. Jahrb. 56: 470, 1920. (§ Oxy- 


glossum) 


Mt. Tolotom, 2,100 ft. alt.: on trunk of 
Hibiscus tiliaceus, perianth blue, tip of lip 
brownish-orange; common throughout the 
primary forest from 1,300 ft. up; does best in 
open, sunny areas. August, 1950, P. A. 
Adams 1; Mt. Kubersoh, 2,000 ft. alt.: same 
sp. as #1, but flower white. August, 1950, 
P. A. Adams 21. 

This, the second species of section Oxy- 
glossum present in the collection, is a very 
handsome and unusual dwarf plant, reminis- 
cent of a Bulbophyllum Thou. or Eria Ldl. in 
superficial vegetative habit. It is allied to 
Dendrobium lapeyrousioides Schitr. from Kaiser- 
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Wilhelmsland, New Guinea. The type speci- 
men (C. Ledermann 13415) was collected “in 
niedrigem Buschwald, bei Patapat (= Poto- 
pot), auf Ponape, 200 bis 300 m ii. M.” 
Living material is in our collections at this 
time. 


Dendrobium spp. 


Mt. Beirut, 2,200 ft. alt.: epiphyte, flowers 
not seen. August, 1950, P. A. Adams 12. This 
sterile specimen, of which living material is 
in cultivation at the Botanical Garden of the 
University of California, is perhaps referable 
to Dendrobium implicatum Fukuyama. 

Palakir: % mile south of Airfield No. 2, on 
hardwood, in deep shade. Flower not seen. 
August, 1950, P. A. Adams 14. Only an in- 
determinable sterile fragment is present. 

Forty-five minutes up trail from Nanpil to 
Tolenkiup: on fallen tree with #8 (Sarcan- 
thinae, sterile), epiphytic, same sp. as #14 
(Dendrobium sp.). August, 1950, P. A. Adams 
15. Living material of this orchid is in the 
Botanical Garden of the University of Cali- 
fornia. 

Mt. Sankaku, 1,100 ft. alt.: on bare tree 
trunks, blooms not seen. August, 1950, P. A. 
Adams 25. Only an indeterminable sterile 
fragment is present. Living material is in our 
collections. 


DIPLOCAULOBIUM (Reichenbach filius) 
Kraenzlin 


In Engl., Pflanzenr. 4, 50, ii, B, 21: 331, 
1910. 

Three species of this very interesting den- 
drobioid genus are now known from the 
Carolines, one of which is apparently new. 


Diplocaulobium carolinense A. D. Hawkes, 


Sp. nov. 


Herba parva epiphytica, caespitosa. Rhizo- 
ma breve, repens, cataphyllis obtecta. Pseudo- 
bulbi erecti, in sicco lutei, 6-13 cm. longi, 
basi 3~5 mm. lati, apice 2.5-3 mm. lati, basi 
ovoideo-attenuati, ad apicem versus elongato- 








ligulati ancipitique, monophylli. Folium 
erectum, planum, coriaceum, ca. 6.5-8 cm. 
longum, 8-9.5 mm. latum, leviter undulatum, 
lineari-ligulatum usque ad oblongo-ligula- 
tum, apice profunde emarginatum. Spatha 
ensiformis, scariosa, ca. 2 cm. longa, 2.5-3 
mm. lata. Flores solitarii vel pauci, fugaces, ca. 
4.5 cm. diametientes. Sepala lineari-lanceo- 
lata, longe-caudata, 5-nervosa, lateralia cum 
pede columnae mentum obtusum triangulum 
formantia. Petala filiformia, longe-caudata, 
basi paululum expansa. Labellum 9 mm. 
longum, 1.5—4.5 mm. latum, ad basim longe- 
unguiculatum; lobis lateralibus erectis, elon- 
gato-triangularis, obtusis truncatisve, nervo- 
sis; lobo intermedio magno, basi oblongo, 
apice patente, ellipsoideo, margine undulato 
crispatoque, obscure 3-lamellato papillosoque. 
Columna brevis, obtusa. 

Small epiphyte in sunny places of primary 
forest, clustered. Rhizome abbreviated, re- 
pent, covered with sheathing scarious cata- 
phylls. Pseudobulbs erect, yellowish when 
dry, 6-13 cm. long, 3-5 mm. thick basally, 
narrowing to 2.5-3 mm. apically, ovoid- 
attenuate basally, narrowing above to an 
ancipitous ligulate prolongation, at or near 
the apex of which the solitary leaf and large 
floral sheath are produced. Leaf erect, plane, 
coriaceous, about 6.5-8 cm. long, 8-9.5 mm. 
wide, vaguely undulate, linear-ligulate to 
oblong-ligulate, distinctly and deeply emar- 
ginate at apex, slightly conduplicate at base. 
Floral sheath ensiform, scarious, about 2 cm. 
long, 2.5-3 mm. wide. Pedicellate ovary 
arcuate, filiform, about 2.5 cm. long, less than 
1 mm. thick. Flowers ‘‘greenish-white with 
pink on inside of tube” (fide collector), soli- 
tary, paired or few, successive, fugacious, 
about 4.5 cm. in diameter. Dorsal sepal about 
2 cm. long, 1 mm. wide basally, narrowing to 
0.25 mm. near apex, erect, twisted, 5-nervose. 
Lateral sepals similar in shape and size, about 
2 mm. wide basally, spreading or down- 
curved, forming a triangular, obtuse mentum 
with the column-foot which is 4.5 mm. deep, 
the margins involute. Petals about 1 cm. 
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long, 0.25 mm. or less wide, filiform, long- 
caudate, slightly broader basally. Lip 9 mm. 
long, 1.5-4.5 mm. broad when expanded, 
long unguiculate basally; lateral lobes erect 
at sides of column, deep purple when dry, 
elongate-triangular, obtuse or truncate, prom- 
inently nervose; midlobe very large, white 
suffused with pale yellow and with a deep 
purple area and venation near base which ex- 
tends toward apex, basally oblong, enlarging 
into a spreading ellipsoidal portion with un- 
dulate and crisped margins at apex; median 
disc obscurely 3-lamellate and more or less 
furnished with clavellate papillae. Column 
2.5 mm. long, blunt, with a foot; anther 
yellow when dry. 

Mt. Beirut, 2,200 ft. alt.: on tree trunks in 
open, sunny places; abundant throughout the 
primary forest; flowers greenish-white with 
pink on inside of tube. August, 1950, P. A. 
Adams 7, TYPE, deposited in the Herbarium 
of the University of California at Berkeley 
(916872); Mt. Sankaku, 1,100 ft. alt.: on tree 
trunk, same sp. as #7. August, 1950, P. A. 
Adams 30. A sterile specimen, with living 
material growing in the Botanical Garden 
collections, obviously referable to this species. 

This attractive dwarf Diplocaulobium is ap- 
parently closest to D. nitidissimum (Rchb.f.) 
Kraenzl., the type species of the genus and a 
native of the Admiralty Islands, the Solomon 
Islands, and New Ireland. The present plant 
differs materially from that species, however, 
in its rather larger dimensions in all parts, the 
shape of the labellum and other floral parts, 
and vegetative characters. Living material of 
this interesting addition to the Caroline or- 
chid flora is in cultivation at the University of 
California. 


Diplocaulobium elongaticolle (Schlitr.) A. D. 
Hawkes, comb. nov. 


Dendrobium elongaticolle Schitr., Engl. Bot. 
Jahrb. 56: 465, 1920. 

A native of Koror and Babelthuap Islands 
in the Palaus, and of Yap. 
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Diplocaulobium flavicolle (Schitr.) A. D. 
Hawkes, comb. nov. 


Dendrobium flavicolle Schitr. Engl. Bot. 
Jahrb. 56: 466, 1920. 

Endemic on Ponape, having been dis- 
covered by Ledermann near Patapat (= Poto- 
pot) in 1913. 


GEISSANTHERA Schlechter 


In K. Schumann & Lauterbach, Nachtr. Fi. 
Deutsch Stidsee 231, 1905. 

The orchidaceous genus Geissanthera was 
established by Rudolph Schlechter in 1905 
(op. cit.), the type species, G. papuana, having 
been collected in British New Guinea. In his 
revision of the Orchidaceae of New Guinea 
(1914) he reduced this genus to subgeneric 
status in Microtatorchis Schitr., making the 
type M. papuana (Schltr.) Schltr. Louis O. 
Williams reviewed certain species of the 
closely allied aggregation Taeniophyllum BI. 
some years later (1939: 147) and came to the 
conclusion that Geissanthera should be placed 
in that polymorphic alliance, again as a sub- 
genus. It is the opinion of the present writer 
that Geissanthera Schltr. constitutes a distinct 
generic entity, as was originally established 
by Schlechter. 

P. A. Adams 4 is referable to Microtatorchis 
Hosokawae Fukuyama. The species was as- 
signed by Fukuyama in his original diagnosis 
(1937: 903) to the section Geissanthera 
(Schltr.) Schltr. Inspection of this Ponapean 
endemic seems to indicate, however, that it 
is too aberrant in several diagnostic characters 
to warrant its retention in Microtatorchis 
Schltr.; it does, furthermore, agree in struc- 
ture with Gerssanthera Schltr., as it was initial- 
ly described. 

Microtatorchis Schltr. is a rather polymor- 
phic group of predominantly epiphytic mono- 
podial sarcanthad orchids with either leafy or 
aphyllous stems, very shortened inflores- 
cences, and paired pollinia. Geissanthera 
Schltr. is distinguished with facility by the 
presence of large or small bracteoles on the 
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inflorescence (virtually a unique character in 
the Orchidaceae), the proportionately large 
blossoms, and the bibrachiate clinandrium of 
the column. Taeniophyllum Bl., with which 
both of these entities have been confused, is 
now considered to include those totally 
aphyllous plants with four distinct pollinia 
and elongate, mostly filiform inflorescences, 
which are not bracteolate. The following di- 
chotomous key will assist in the differentia- 
tion of the three genera involved: 


1. Pollinia 4; plants totally aphyllous; in- 
florescences (at least the peduncles) 
proportionately elongate............ 
er ey er Taeniophyllum BI. 

Pollinia 2; plants aphyllous or more or 
less leafy; inflorescences elongate or 
chs cos Rea aa dee Sees 2 

2. Inflorescences furnished with more or 
less prominent foliose bracteoles; 
clinandrium bibrachiate........... 
stata iaiislh ase oil Geissanthera Schltr. 

Inflorescences bracteate, not furnished 
with bracteoles; clinandrium mono- 
brachiate...... Microtatorchis Schltr. 


The Ponapean species must be transferred 
to Geissanthera. 


Geissanthera Hosokawae (Fukuyama) A. D. 
Hawkes, comb. nov. 


Microtatorchis Hosokawae Fukuyama, Bot. 
Mag. [Tokyo] 51: 903, figs. 4, 5, 1937. 

Taeniophyllum Hosokawae L. O. Wms., 
Harvard Univ., Bot. Mus. Leaflet 7: 147, 1939. 

Mt. Tolotom, 2,100 ft. alt.: on mossy trees, 
associated with #1 (Dendrobium  violaceo- 
miniatum Schltr.) and #5 (Dendrobium nana- 
rauticolum Fukuyama). August, 1950, P. A. 
Adams 4. 

The original specimen was collected by 
T. Hosokawa on Mt. Nanaraut (= Nanalaut), 
at about 500 meters altitude. The species is 
apparently restricted to Ponape in its distri- 
bution. 

Geissanthera Schltr. reaches its greatest de- 
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velopment in the montane regions of New 
Guinea, where about 14 species are known. 
Outlying representatives occur, in addition to 
the Caroline Island plant noted above, in 
Samoa and in the Philippines. All of the re- 
maining species, except the typical Gesssan- 
thera papuana Schlitr., have been described 
under M<{crotatorchis Schlitr., and will need 
eventual transferral to the present group. 


MOERENHOUTIA Blume 


Orch. Archip. Ind. 99, tt. 28, 42, 1858. 

The physurid genus Moerenhoutia Bl. is 
represented in the Carolines by four species, 
the present one being highly variable and with 
several apparently distinct varietal forms de- 
scribed. 


Moerenhoutia leucantha Schltr., Engl. 
Bot. Jahrb. 56: 450, 1920. 


Mt. Tolenkiup, 1,200 ft. alt.: in dense 
shade in very wet leaf mold of forest floor. 
Flowers white, terrestrial. August, 1950, P. A. 
Adams 6. Living material of this collection is 
in cultivation in our Botanical Garden. 

The species is endemic on Ponape, and is 
closest in alliance with the New Guinean 
Moerenhoutia constricta J. J. Sm. and M. lamel- 
lata Schltr. 


OBERONIA Lindley 


Gen. & Sp. Orch., Pl. 15, 1830. 

An exceedingly technical and difficult 
genus of paleotropical epiphytes, with two 
species present in the Adams collections. 


Oberonia Hosokawae Fukuyama, Nat. 
Hist. Soc. Formosa, Trans. 31: 290, 1941. 


Mt. Sankaku, 1,100 ft. alt.: with #26 
(Phreatia ladronica Tuyama), epiphytic, bloom 
not seen. August, 1950, P. A. Adams 27. 

A member of the section Scytoxiphium, and 
one of the less attractive members of the 
genus, probably bearing pellucid-white or 
pale green flowers about 3 mm. in diameter. 
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Oberonia ponapensis Tuyama, Bot. Mag. 
[Tokyo] 54: 275, 1940. 


Mt. Tolotom, 2,100 ft. alt.: epiphytic, in- 
florescence rusty red. August, 1950, P. A. 
Adams 17. 

An interesting dwarf member of section 
Otoglossum, apparently endemic on Ponape. 
The very numerous flowers measure 1 mm. 
or less in diameter, and when dry are an at- 
tractive orange hue. 


PHAIUS Loureiro 


Fl. Cochinch. 529, 1790. 

A single species of this genus is known to 
date from the Carolines. The original material 
of the present species in the area was gathered 
by Ledermann on Ponape, near Patapat 
(=Potopot) and Paue (= Poaipoai). 


Phaius amboinensis Bl., Mus. Bot. Lugd.- 
Bat. 2: 180, 1856. 


Mt. Tolotom, 1,900 ft. alt.: terrestrial, in 
wet loam with much leaf mold, in deep shade. 
Abundant from about 1,500 ft. alt. up to 
summit. Flower pure white with creamy 
yellow tube. August, 1950, P. A. Adams 11. 
A handsome species, of considerable horti- 
cultural value. 


PHREATIA Lindley 


Gen. & Sp. Orch. Pl. 63, 1830. 

With the interesting plant described here as 
new, the total number of Phreatias known to 
occur in the Caroline Islands reaches 10. The 
others are Phreatia palawensis (Schltr.) Tu- 
yama, P. pseudo-Thompsonii Tuyama, P. kusai- 
ensis Tuyama, P. pacifica Fukuyama, P. Kane- 
hirae Fukuyama, P. Thompsonii Ames, P. 
carolinensis Schltr., P. ladronica Tuyama, and 
P. ponapensis Schitr. The genus is a large and 
exceedingly complex one, and stands sorely 
in need of critical revision. 
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Phreatia Goodspeediana A. D. Hawkes, sp. 
nov. (§ Euphreatia) 


Herba parva epiphytica caespitosa, usque 
ad 6.5 cm. alta. Rhizoma abbreviatissima, 
cataphyllis scariosis obtecta. Caules fere 
deficientes. Folia parva, 4.5-6.5 cm. longa, 
34.5 mm. lata, rigide erecta, coriacea, 
lineari-ligulata, obtusa vel apiculata, inaequa- 
liter bilobata, basi pseudopetiolata articulata, 
vagina ca. 6 mm. longa, 3-3.5 mm. lata, 
scariosa, conduplicata. Inflorescentia 5 cm. 
longa, lateralis, erecta, apice valde reflexa, 
secunda, apice racemosa. Bracteae erectae, 
5 mm. longae, basi 1 mm. latae, lineari-ensi- 
formae, longe-acuminatae, apice leviter tor- 
tuosae. Flores 1 mm. longi, numerosi, 
fragili. Sepalum dorsale ovatum, acuminatum, 
1 mm. longum, 0.25 mm. latum. Sepala later- 
alia ovato-elliptica usque ad obovata, acumi- 
nata, 1 mm. longa, ca. 0.5 mm. lata. Petala 
ovata, acuto-acuminata, leviter inflecta, 0.25 
mm. longa, insigniter minus lata. Labellum 
1.25 mm. longum, ca. 0.75 mm. latum expan- 
sum, obscure trilobulatum, oblongo-ellipti- 
cum, obtuso-apiculatum, disco leviter crasso. 

Dwarf caespitose epiphytic herb to 6.5 cm. 
tall when in flower. Rhizome very abbrevi- 
ated, obscured by sheathing scarious deteri- 
orating bracts and copious flexuose slender 
roots. Stems mostly absent. Leaves few (6 in 
our specimen), 4.5-6.5 cm. long, 3—4.5 mm. 
broad, mostly rigidly erect, coriaceous, lin- 
ear-ligulate, obtuse to apiculate and un- 
equally bilobate apically, pseudopetiolate 
basally and articulate there, the basal sheath- 
ing portion about 6 mm. long and 3-3.5 mm. 
broad, scarious, conduplicate. Inflorescence 
5 cm. long, lateral, erect, the tip sharply re- 
flexed, mostly secund, apical portion race- 
mose. Floral bracts mostly erect, 5 mm. long, 
less than 1 mm. broad at base, linear-ensi- 
form, long-acuminate, the apex rather tor- 
tuose. Pedicellate ovaries vaguely arcuate, 
1.25 mm. long. Flowers 1 mm. long, “‘trans- 
lucent green” [fide collector], numerous, 
fragile in texture. Dorsal sepal ovate, acumin- 


11 


ate, 1 mm. long, 0.25 mm. broad. Lateral 
sepals ovate-elliptic to obovate, acuminate, 
1 mm. long, about 0.5 mm. broad, minutely 
coherent basally, forming a blunt mentum 
about 0.5 mm. long. Petals ovate, acute- 
acuminate, slightly upcurving, 0.25 mm. 
long, much less broad. Lip 1.25 mm. long, 
about 0.75 mm. broad when expanded, ob- 
scurely trilobulate, oblong-elliptic, some- 
what bluntly apiculate, with a single median 
thickening on the disc. 

Mt. Tolotom, 1,700 ft. alt.: on trunk of 
fallen hardwood, epiphytic. Flower trans- 
lucent green. August, 1950, P. A. Adams 2, 
TYPE, deposited in the Herbarium of the 
University of California at Berkeley (916891). 
Living material is being grown in the collec- 
tions of the Botanical Garden of the Univer- 
sity of California at Berkeley. 

Phreatia Goodspeediana is an unusual cluster- 
forming dwarf epiphyte of singular beauty. 
Its closest alliance is apparently with the 
Ponapean P. pseudo-Thompsonii Tuyama, 
though it differs from that species in its some- 
what smaller size, the secund inflorescence, 
smaller flowers of a green instead of white 
color, the segments of which are of different 
shape. It is with pleasure that I dedicate this 
attractive novelty to Dr. T. Harper Good- 
speed, Professor of Botany and Director of 
the Botanical Garden of the University of 
California at Berkeley, through whose efforts 
and kindness the present collection of Pona- 
pean Orchidaceae came into my hands. 


Phreatia ladronica Tuyama, Bot. Mag. 
[Tokyo] 54: 277, 279, in clavi, 1940. 


Mt. Sankaku, 1,100 ft. alt.: on tree trunks, 
with lichens, $27 (Oberonia Hosokawae Fuku- 
yama), #24 (Bulbophyllum Gibbonianum Schitr.), 
and Bird’s Nest Ferns (Asplenium nidus L.). 
Flower translucent green, epiphytic. August, 
1950, P. A. Adams 26. 

An unusually interesting species, the foli- 
age of which, upon drying, becomes almost 
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transparent. It was originally described from 
material collected on Mt. Tappotyo, on the 
island of Saipan, in the Marianas group. Our 
present specimen, of which living material is 
being grown in our Botanical Garden, differs 
slightly in dimensions and in the green in- 
stead of white flowers. 


PSEUDERIA Schlechter 


In Fedde, Repert. Spec. Nov., Beihefte 1: 
644, 1914. 

Only a single species of this interesting and 
difficult genus is at present known from the 
Carolines. The type material was collected by 
Ledermann near Patapat (=Potopot) on 
Ponape in 1913; he also obtained additional 
specimens near Paue (=Poaipoai), on the 
same island. The species is known also from 
Babelthuap in the Palau group. 


Pseuderia micronesiaca Schltr., Engl. Bot. 
Jahrb. 56: 473, 1920. 


Mt. Kubersoh, 2,000 ft. alt.: on mossy 
tree trunks. Flowers pale green with brownish 
spots. This plant is common throughout the 
higher mountains, sometimes almost com- 
pletely covering a whole tree. Base of stem 
always rooted in ground. August, 1950, P. A. 
Adams 20. The species is most closely allied 
with Psenderia frutex Schltr., of New Guinea. 
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STERILE MATERIAL 


Forty-five minutes up trail from Nanpil to 
Tolenkiup: on fallen tree. Abundant in pri- 
mary forest from 1,000 ft. alt. (more or less) 
up. Flower not seen. August, 1950, P. A. 
Adams 8. 

This plant, of which only a very fragmen- 
tary specimen is present in the collection, is 
probably referable to one of the sarcanthad 
genera (subtribe Sarcanthinae) which occur in 
these islands, viz., Chiloschista Ldl., Thrix- 
spermum Lour., Luisia Gaud., Vandopsis Pfitz., 
Trichoglottis B\., Robiquetia Gaud., Saccolabium 
Bl., or Sarcanthus Ldl. 
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Some Luminous Fishes of the Genera Yarrella and Polyipnus 


YATA HANEDA! 


FISHES OF THE GENUS Po/yipnus, in the family 
Sternoptychiidae, and of the genus Yarrella, 
in the family Gonostomatidae, like some 
other deep-sea luminous fishes, are furnished 
with numerous luminous organs, which 
usually may be seen on the ventral surface of 
the body. 

Yarrella (Goode and Bean) is a compara- 
tively new genus, in some respects interme- 
diate between the genera Gonostoma and 
Porichthys, and is so called in honor of the 
ichthyologist, William Yarrell, F.L.S. (1789- 
1856). 

In Japan two species of this genus— 
Yarrella blackfordi illustrius McCulloch and 
Yarrella blackfordi elongata subsp. nov.—were 
reported by Matsubara (1938). 

The type of the genus Po/yipnus is P. spino- 
sus Giinther, which was obtained by the 
vessel “Challenger,” between the Philippine 
Islands and Borneo, at a depth of 250 fathoms. 

Many species of these two genera have 
been examined and described. The structure 
of their luminous organs has been known for 
some time, but little or no work has been 
done on the luminous phenomenon of these 
organs. 

I have collected specimens of these fishes 
in Japan, in the bays of Tosa and Sagami, 
since 1935 and, with this living material, have 
been able to observe the phenomenon of their 
luminescence in the dark, to examine the 
structure of their luminous organs, and 
especially to determine whether or not the 
luminescence is due to luminous bacteria. 





1Tokyo Jikeikai Medical College, Tokyo, Japan. 
Manuscript received January 26, 1949. 


The two species upon which I report here 
are Polyipnus stereope Jordan and Starks and 
Yarrella blackfordi illustrius McCulloch. Usu- 
ally most of these fishes are taken in deep 
water by trawlers, but occasionally they come 
up to the surface during the night. It was on 
such an occasion that I caught Polyipnus 
stereope near the coast of Suzukawa, in the 
Prefecture of Shizuoka, by means of the 
Zibiki-Ami (the Japanese name for a large 
seine net). This procedure enabled me to 
study this fish alive, in the dark. 

I have never been able to take Yarrella 
actually alive, but, although my specimens 
were all dead, they were nevertheless quite 
fresh, having been just caught in the trawlers’ 
nets. 

The principal type of luminous organ con- 
sists of two components. As a rough general- 
ization, one part is a bulb-shaped body lying 
within the muscle of the fish, and the other 
part is a funnel, or parabola-like body, which 
is in contact with the surface of the body and 
arranged on its sides. 

The structure of the luminous organs of 
these two species of fishes is much the same 
as that of other luminous deep-sea fishes such 
as Sternoptyx, Argyropelecus, and Maurolicus. 
It consists of five components as shown in 
Figure 1. These five components are a lumi- 
nous body, a reflector, a color filter, a lens, 
and a pigment membrane. 


Luminous Body 


When sectioned medially, it is seen to con- 
sist of a mass of cells radiating from a central 
point appearing not unlike the closely packed 
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Fic. 1. Longitudinal section of the luminous organ 
of Polyipnus stereope. phot, Luminous body; refli, refle, 
reflectors; lens, lens; fil, color filter; chr, pigmented 
membrane. 


seeds in a round seed capsule. When fresh 
material is cut with a thin knife, this organ 
appears to be milky blue and shows a bluish 
luminescence. This luminescence may con- 
tinue for 4 to 5 hours after death. Sections 
cut from this organ stain well with haema- 
toxylin. 


Reflector 


This consists of two parts. Part one 
(labeled refl., in Fig. 1) covers the inside of 
the luminous body and the filter. It is a 
silvery, opaque membrane. Part two (refl.2) 
covers the back of the lens and is composed 





PACIFIC SCIENCE, Vol. VI, January, 1952 


of an arrangement of parallel fibers. Both 
parts reflect light extremely well. 


Light Filter 


Between the luminous body and the lens 
there is a transparent, single component 
which is beautifully colored. In Polyipnus and 
Argyropelecus it is a reddish violet. In Yarrella 
it is a ruby red. The color in some deep-sea 
luminous fishes is reproduced in “The 
Oceanic Fishes and Flat Fishes Collected in 
1925-1927” by J. R. Norman (1930). Argyro- 
pelecus is shown as a reddish-violet color and 
Bathytroctes rostratus as orange. Photichthys 
argentius has a beautiful green color. 

The tissues of this component are arranged 
in parallel, and its cells contain round nuclei 
and small granules. It may sometimes func- 
tion as a lens, but it should be noted that 
both the curved upper and lower surfaces are 
parallel, the curves being in the same direc- 
tion. Some investigators consider this com- 
ponent as the lens, but in my opinion it is 
simply a color filter. 

These luminous organs 7n situ, when viewed 
ventrally by daylight, display a beautifully 
colored light in fresh specimens, but, if 
viewed laterally by daylight, this coloration 
can be seen localized only in this filter com- 
ponent and nowhere else. 

I have examined living Polyipnus stereope in 
the dark, and have found the luminescence, 
as emitted, to be a greenish blue, whereas the 
color of the filter is violet. I was unable to 
obtain any living Yarrel/Ja, and am therefore 
unable to compare it with Po/yipnus. The two 
species have filters of different color. One is 
violet and the other ruby red, and perhaps 
the color of their luminescence may be due 
to this difference in the color of their filters. 
However, owing to a lack of material for 
comparative purposes, I am unable to make 
any positive statement on this point. 


Lens 


The lens is a perfectly transparent, gelatin- 
like substance, and many investigators de- 
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scribe it simply as a mass of gelatinous sub- 
stance without commenting on its shape. 
However, if fresh material is examined, the 
surface of the so-called simple mass of gelatin 
is convex, the body is swollen, and it has a 
definite shape. The only person to suggest 
that it might be a lens is Mangold (1910). 

It is probable that most investigators have 
worked on preserved and dead material, and 
this may account for their failure to recognize 
it as a lens and to misunderstand its function. 
If the organ is put into alcohol or formalin, it 
contracts and becomes cloudy and shapeless, 
the sides shrink and become concave, and the 
coloring matter in the filter disappears. It is 
difficult to recognize the real function of the 
organ after such treatment. 


Pigmented Membrane 


This membrane covers the outside of the 
reflector. One of its functions is to assist the 
reflector, and another is to prevent light from 
being dissipated by entering the surrounding 
body muscle in which the organ lies. 

Sometimes, the normally separate luminous 
organs are joined together to form a single 
luminous organ in the ventrothoracic region. 
Fine blood vessels enter through the reflector, 
ramifying in all directions within the lumin- 
ous body and the filter. Nerves are also said to 
do the same, but I have not investigated this 
statement. 

Unlike the Leiognathidae and other sym- 
biotic luminous fishes which are able to con- 
trol their display of luminescence by means of 
their chromatophores, Po/yipnus and Yarrella 
are not provided with such structures. Never- 
theless they can control it, but how they do 
so I am unable to say. Perhaps they are able 
to do it by means of their blood vessels or 
nerves. 

These luminous organs are the closed type 
without any external openings and are unlike 
the open type possessed by the Gadidae 
(Kishitani, 1930), Macrouridae (Haneda, 
1938), Monocentridae (Yasaki, 1928), Acro- 
pomatidae (Yasaki and Haneda, 1936), and 
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Leiognathidae (Haneda, 1940), which possess 
external openings and are luminous by virtue 
of the luminous symbiotic bacteria within 
their open luminous organs. 

I have been unable to find any bacteria, 
either luminous or non-luminous, in the 
organs of the Yarrella and Polyipnus fishes 
under discussion, in spite of an extensive 
search for them by the usual bacteriological 
methods. Luminous fishes with the closed 
type of luminous organs are true luminous 
fishes, and the luminosity which they display 
is the result of some product of the fishes’ 
own creation and not the product of sym- 
biotic bacteria living in the duct of the lumin- 
ous organ of the fish. 
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A New Genus of Seed-infesting Micropterygid Moths 


L. J. DUMBLETON' 


THE SUPERFAMILY MICROPTERYGOIDEA con- 
stitutes the most primitive group of the 
Lepidoptera. Like the other superfamily of the 
suborder Homoneura, the Hepialoidea, it is 
characterised by the venation in the fore and 
hind wings being almost identical. They are 
like certain Trichoptera in wing venation and 
in the presence in the pupae of large func- 
tional mandibles. The adult mouth parts 
show a gradation between the mandibulate 
type in the Micropterygidae and the haustel- 
late type, characteristic of most Lepidoptera, 
in the Mnesarchaeidae. The Micropterygidae 
are of world-wide distribution and the larvae 
are external feeders on mosses and liverworts. 
The Eriocraniidae are not known from the 
Southern Hemisphere and their larvae are 
leaf miners on Betulaceae and Cupuliferae. 
The Mnesarchaeidae are confined to New 
Zealand, their larval habits being unknown. 
The Neopseustidae from India and Formosa 
are also unknown in their larval habits. 

In February, 1947, I received some seed of 
Agathis vitiensis, a species of Kauri pine, from 
B. E. V. Parham of the Department of Agri- 
culture of Fiji, with a request that I endeavour 
to rear out and identify the ansect with which 
they were infested. Several of the larvae 
present pupated in September, 1948, and the 
pupal characters established the species as a 
micropterygoid moth. Parham also informed 
me that there was a similar larva in the seed 
of Queensland Kauri and A. R. Brimble- 
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combe of the Queensland Department of 
Agriculture later sent me larvae and pupae of 
this species. The detailed morphology was 
studied with adult material extracted from 
the pupae. No success was obtained in at- 
tempts to secure emergence of the moths of 
the Fijian species and Brimblecombe was 
successful in obtaining emergence of the 
Queensland species only after many years of 
effort. 

The association of these insects with Kauri 
pines (Agathis spp.) opens an interesting 
field for research since pines of this genus 
occur from the Philippines and Indo-China 
through the Malay Peninsula and Archipelago 
to New Guinea, the Solomon Islands, Eastern 
Queensland, New Caledonia, Fiji, and New 
Zealand. The genus Agathis is regarded as 
centred in Malaysia, and the Pacific repre- 
sentatives, of which Agathis vitiensis from Fiji 
is at the easternmost limit of distribution of 
the genus, are regarded as of Malaysian affini- 
ties and derivation. It seems likely that related 
micropterygoid moths will be found to be 
associated with Agathis elsewhere and particu- 
larly in Malaysia. There is at present no evi- 
dence of the occurrence of a related insect in 
the seed of the New Zealand Kauri (Agathis 
australis) or in those of the Moluccas, New 
Caledonia, Borneo, and the Philippines. The 
two species, one from Fiji and the other from 
Queensland, which I describe here, present 
points of considerable interest. The Fijian 
species is the first record of any microptery- 
goid moth from a really oceanic Pacific island 
although they are recorded from Formosa. 
The habit of feeding and pupating within 
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seeds has not previously been reported within 
the superfamily. 

These two species of micropterygoid moths 
are congeneric. The weight of evidence from 
morphological and biological sources would 
indicate that they are more nearly allied to 
the Micropterygidae than to the Eriocrani- 
idae and, as they do not fit existing microp- 
terygid genera, a new genus is created for 
them. 


Agathiphaga new genus 


ADULT: Ocelli absent; mandibles present; 
labial palps 4-segmented, sensory process on 
basal segment absent; maxillae with galea 
present but not modified to form short 
haustellum, lacinia present, maxillary palps 
5-segmented. Forewings with Sc unbranched 
and with closed cubito-medial cell in addi- 
tion to closed radial cell. Legs: Tibiae I with 
strigil at mid-length and a single short apical 
spur; tibiae II and III with two spurs at mid- 
length and two apical spurs; femora I and II 
with two small setae or spurs on tip. Male 
with paired glandular processes on fifth 
abdominal sternite. Male genitalia with 
claspers large, exserted and curved dorsad. 
Female genitalia eversible, terminal segment 
with single median Y-shaped rod, not 
heavily sclerotized or adapted for piercing. 

PUPA: Head with four pairs of long frontal 
setae; beak absent. Mandibles hypertrophied, 
apex truncate with scalloped edge but with- 
out large teeth apically. Mandibles asymmetri- 
cal, both toothed externally but left mandible 
with single tooth on non-serrate ental margin. 
No strap-like process on dorsum of meso- 
and metathorax and first abdominal segment. 
All tarsi 2-clawed. No abdominal setae. 
Claspers of male genitalia exserted and curved 
dorsad. 

LARVA: Antennae short. Compound eyes 
absent. Apodous. Integument spinulose, setae 
very short. Internal feeders in seed of Agathis 
spp. 

GENOTYPE: Agathiphaga vitiensis n. sp. Fiji. 

Agathiphaga is separated from all other 
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micropterygid genera by the presence of two 
apical spurs on the middle tibia, the absence 
of the sensory process on the basal joint of 
the labial palp, and (except for the Australian 
species of Sabatinca) the 4-segmented labial 


palps. 
Agathiphaga vitiensis n. sp. 


ADULT: Forewing 4.0 mm. long, dorsally 
dark greyish-brown with fine white hairs, a 
light yellowish-brown patch on anal area and 
a smaller patch of similar colour distad of this 
on the posterior margin before mid-length; 
ventrally dark scaled with lighter brown 
fringes. Venation as in Figure 3. Forewing 
with R, branched and Cu,, arising from Ms. 
Lateral lobes of labrum with 3-4 setae on 
each side. Third and fourth segments of labial 
palps sub-equal in length. Apical segment of 
maxillary palp small, sub-globose. Male 
genitalia as in Figures 4a-c, Sa—f. Forked 
median rod of female genitalia 1.0 mm. long. 
Tooth on ental margin of left pupal man- 
dible at about half-length, i.e., behind or 
cephalad of the external tooth. 


SPECIMENS: Two male and three female 
pupae obtained from larvae within seed of 
Agathis vitiensis, Fiji, per B. E. V. Parham. 
Holotype, male, on slide mounts deposited in 
Entomology Section, Department of Agri- 
culture, Suva, Fiji. 


MORPHOLOGY 


ADULT: The head capsule is strongly sclero- 
tized and pigmented, with the exception of 
the stippled areas shown in Figure 14, which 
bear the tufts of scales. A median epicranial 
suture runs from the posterior margin of the 
occiput to a point level with the antennal 
sockets. From the posterior third of the epi- 
cranial suture, a suture runs anterolaterally to 
a point behind mid-length of the inner mar- 
gin of the eye. The ocelli are absent. The 
antennae are 5 mm. long and consist of about 
47 segments of which the large basal one is 
0.4 mm. long. The labrum (Fig. 14) is tri- 
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0.10 mm. 





™ 1-0 mm. 





Fic. 1. Agathiphaga vitiensis, structures of adult. a, 
Dorsal aspect of head; 5, dorsal aspect of labrum; 
¢, epipharynx; d, external face of mandible; e, ventral 
view of labium. 


lobed, with two sensory pores on each side 
between the lateral and median lobes, and 
one large and two smaller setae on each side 
at mid-length of the lateral lobe. The epi- 
pharynx (Fig. 1c) has a group of sensory 
pores on each side with scattered setae an- 
terior to these. The clypeus or post-labrum 
has two sensory pores on each side. The 
mandibles (Fig. 1d) are present and, to the 
extent that the ginglymus and condyle are 
present, could be described as functional. 
They are reduced to a lobe or finger-like form 
and bear on the external face an obsolete but 
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quite distinct tooth, with a large sensory pore 
basad of this and three smaller pores distad. 
There is a finely setose or spinulose area at 
the apex. The labium (Fig. 1e) has a trans- 
verse mental plate. The labial palpi are 4- 
segmented, the second segment slightly 
longer than the first, the third twice as long 
as the second, and the fourth slightly longer 
than the third with a sensory groove extend- 
ing back to mid-length. There is no finger- 
like sensory process arising from the first 
segment of the palp. The hypopharynx is 
similar to that of Agathiphaga queenslandensis 
(Fig. 8b). The maxillary cardo and stipes 
(Fig. 2) are not clearly separated. The stipes 
bears mesally a sclerotized lacinia with a 
single dorsal seta; laterad of this is the thin 
leaf-like galea which is as long as the first 
joint of the maxillary palp. The maxillary 
palps are long, folded, and 5-segmented with 
the first, third, and fourth segments sub-equal 
in length, the second shorter, and the fifth 
small and sub-globose. The pattern on the 
forewing is shown in Figure 3a and the vena- 
tion of both wings in Figures 3b, c. The un- 
broken lines represent veins in which the 
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Fic. 2. Ventral view of maxilla and base of labium 
of adult A. vitiensis. MP, Mental plate; LAB, labium; 
LP}, LP2, segments of labial palp; CA, cardo; sT, stipes; 
LAC, lacinia; G, galea; MxP, first segment of maxillary 
palp. 
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f / 
Fic. 3. Structures of adult A. vitiensis. a, Forewing 
showing markings; 5, venation of forewing; c, venation 
of hind wing; @, pro-, meso-, and metatibiae; e, first 


and second abdominal segments in ventral view; 
f, fifth sternite of male showing glandular processes. 





antecedent tracheation is still visible. The 
wing length given is that of the unexpanded 
wing removed from the adult within the pupa, 
and observations on the following species 
would indicate that the length of a normally 
expanded wing may be about 8 mm. The 
tibiae are shown in Figure 3¢. The abdomen 
has eight unmodified segments with spiracles 
present on the first seven. Vestiges of spiracles 
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Fic. 4. A. vitiensis, terminal abdominal segments of 
male. a, Ventral; 5, dorsal; c, lateral. 7s, 8s, 9s, 10s, 
Sternites; 7t, 8t, 9t, 10t, tergites; A, anus; C, clasper. 


are present on the eighth segment of the 
female. Dorsally the first abdominal segment 
(Fig. 3e) has a subpentagonal median sclerite 
anteriorly; laterad of this on each side is a 
stout rod-like longitudinal sclerite which, at 
its end on the posterior margin of the seg- 
ment, has mesal and lateral branches. Ven- 
trally the first sternite is much reduced, the 
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Fic. 5. A. vitiensis, male and female genitalia. a-d, Male: caudal, dorsal, lateral, and ventral aspects; e, f, 
aedeagus, lateral and ventral aspects; g, female. Abbreviations as in Fig. 4. 


principal element being a narrow transverse 
sclerite. On the venter at the junction of the 
first and second abdominal segments the 
membrane is invaginated, and on the opposed 
surfaces are two elliptical sclerites, the tips of 
one articulating with those of the other and 
with the tip of a transverse sclerite on each 
side which is angular posteriorly. A narrow 
curved sclerite, or rod, runs from the an- 
terolateral margin of the second sternite to 
a point midway between the median line and 
the spiracle. In a posteromedian position on 
the second sternite there is a small rectangular 
sclerite, concave anteriorly, On each side of 
the anterior margin of the second tergite, two 
short longitudinal sclerites, or rods, run 
posteriorly. In the male there is a pair of 
glandular processes (Fig. 3f) on the fifth 
sternite. Also in the male there are two lateral 
processes (Fig. 4a) from the anterior margin 
of the eighth sternite, which are withdrawn 
into the seventh segment. 

In the male the basal piece of the genitalia 
(ninth sternite) forms a complete ring pos- 
teriorly (Fig. 4), but both dorsally and ven- 
trally this piece is deeply emarginate, and the 
two lateral wings thus formed are deeply 
sunken within the eighth segment. Caudad of 


the basal piece on the dorsum are two para- 
median lobes (9 t), and between and behind 
them is a grooved median pigmented sclerite 
(10 t) which is bilobed and bears short setae 
posteriorly (Fig. 5a). Between this and an 
opposing ventral sclerite is an invagination 
which may be the site of the anus. Between 
this sclerite (10 s), which has anteriorly a 
circular area with scale-like imbrications, and 
the bases of the claspers is the genital open- 
ing through which is protruded the aedeagus. 
The large claspers (Fig. 5b-d) have dense 
stout setae on their internal faces and articu- 
late with the ventral part of the basal piece. 
The aedeagus is shown in Figure Se, f. 

In the female the ninth segment forms the 
long natrow ovipositor (Fig. 5g). It is 
strengthened by a single median rod which is 
forked anteriorly. 

PUPA: The pupa is shown in dorsal and 
ventral views in Figure 6a, b. The mandibles 
are shown in Figure 6c and the clypeus and 
labrum in Figure 6d. There are two pairs of 
long setae or hairs on the frontal region and 
two pairs on the occipital region. The clypeus 
bears three setae on each side. The pupal skin 
of the type has nine setae on the labrum, four 
on one side and five on the other. There are 
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Fic. 6. Pupa of A. vitiensis. a, Dorsal aspect; b, 
ventral aspect; c, mandibles; d, clypeus and labrum, 
dorsal aspect. 


no setae on the thorax and abdomen. 

LARVA: The full-grown larva is 6 mm. long 
and 2.5 mm. wide. It is stoutly built and not 
flattened. The body width is more than twice 
that of the head capsule. Living larvae are 
yellowish in colour with the exception of the 
mouth frame and trophi, which are dark 
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brown. Legs are absent. The thoracic and ab. 
dominal integument is finely and densely spin- 
ulose and without sclerotized or pigmented 
plates. Body setae are present but are small, and 
their arrangement is difficult to discern. There 
are nine pairs of spiracles, one prothoracic 
and eight abdominal. The head (Fig. 7~) is 
widest behind mid-length and is not flattened. 
It is emarginate posteriorly in the middorsal 
line where the epicranial halves meet. In both 
this and the following species, neither the 
frontal suture nor the adfrontal suture is 
evident, and I am unable to determine the 
position of the anterior tentorial pit. The 
disposition of the dorsal setae on the head is 
shown in Figure 74. The antennae (Fig. 7) 
are enclosed in a pigmented ring and consist 
of one prominent sclerotized and pigmented 
segment on the apex of which are borne three 
finger-like processes, three setae, and one 
seta with a thickened collar. External to and 
posteroventrad of the antennal ring is a 
pigmented spot probably representing an 
ocellus. The labrum (Fig. 7c) is transverse, 
slightly emarginate anteriorly, and bears four 
setae in a line across the disc and another 
seta behind these on each side of the lateral 
margin. On each side of the anterior margin 
are two setae with a third beneath them. The 
mandibles (Fig. 7d) are quadridentate and 
bear on the external face two setae. There is 
no bunch of long, branched hairs at the base 
of the cutting edge. Ventrally the head is 
deeply divided by the foramen (indicated by 
a broken line in Figure 72) which consists of 
an anterior foramen separated by a slender 
tentorial bridge from the posterior foramen. 
Posteriorly the foramen (Fig. 7e) has on each 
side a triangular extension with the apex 
extending toward the posterolateral angle of 
the head capsule. The ventral mouth parts 
are shown in Figure 7f. The mentum bears no 
setae nor sensory pits and is separated from 
the maxillary stipes on each side by a pig- 
mented bar. The labium is large and conical 
and bears posteriorly a pair of short setae and, 
anterior to these and somewhat farther apart, 
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Fic. 7. Larval structure of A. vitiensis. a, Dorsal 
aspect of head; 4, detail of antenna; c, dorsal aspect of 
labrum; ¢, mandible; e, caudal aspect of head capsule; 
f, ventral aspect of ventral mouth parts. 


a pair of sensory pits. The labial stipites are 
not differentiated. The labial palp is 2- 
segmented, the basal segment is truncate- 
conical and pigmented and bears apically the 
small second segment and a small seta or 
process. The second segment bears a small 
process apically. The maxillary stipes bears 


two setae. The maxillary palpiger bears a 
single seta laterad at mid-length. The maxil- 
lary palp is 2-segmented. The basal joint is 
transverse with a single sensory pit, and the 
distal segment is cylindrical and bears proc- 
esses apically. The lacinia is borne on the pal- 
piger mesad of the maxillary palp and is 1- 
segmented with an apical process. At the base 
of the lacinia mesally are one or two spines, 
or processes, possibly representing the galea 
or digitus laciniae but smaller and shorter 
than that shown in Mnemonica auricyanea 
Wals. by Busck and Boving (1914: Pl. XI, 
Fig. 8). In general the larva is similar to that 
of M. auricyanea. 


Agathiphaga queenslandensis n. sp. 


ADULT: Unexpanded forewing of adult ex- 
tracted from pupa 3 mm. long. Forewing of 
naturally emerged adult female 6.5 mm. long. 
Forewing unicolorous, without spots or pat- 
tern. Venation as in Figure 9a, 5. Vein Ry 
in forewing unbranched and Cu, arising 
from cubitomedial cell and not from Ms. 
Lateral lobes of labrum with numerous setae 
on each side. Fourth segment of labial palp 
short, conical, three or four times as long as 
wide. Forked median rod of female genitalia 
0.6 mm. long. Male genitalia (aedeagus not 
seen) very similar to that of Agathiphaga 
vitiensis. Tooth on ental margin of left pupal 
mandible nearer apex than mid-length, i.e., 
nearly opposite external tooth. 

SPECIMENS: Four female and one male pupae 
from seed of Agathis robusta from Como(?), 
Queensland, and several naturally emerged 
adults in poor condition from seed of A. 
robusta from Maryborough, all sent by A. R. 
Brimblecombe. Holotype, female, on slide 
mounts deposited in Queensland Museum, 
Brisbane, Australia. 


MORPHOLOGY 


ADULT: The adult of this species is generally 
similar to that of Agathiphaga vitiensis, except 
in size and in the absence of wing pattern. 
On the head the median epicranial suture is 
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Fic. 8. Agathiphaga queenslandensis, structures of 
adult. 4, Labrum, dorsal aspect; 6, hypopharynx; c, 
mandible; d, labium and maxilla, ventral aspect; e 
detail of maxilla and base of labium. 


present but the two lateral sutures are absent. 
The unsclerotized scale-bearing areas are 
similar to those of A. vitiensis. The labrum 
(Fig. 84) is distinguished by the more nu- 
merous setae, concentrated at the sides but 
extending across the disc. The epipharynx is 
similar to that of A. vitiensis. The mandibles 
(Fig. 8c) have an obsolete tooth and their 
apices have a finely toothed or crenellated 
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area. The hypopharynx (Fig. 8b) has what 
appears to be an orifice at mid-length and, 
anterior to this, a broad median setose band. 
The mental plate is absent or represented by 
a very narrow transverse sclerite. The labial 
palps (Fig. 8d) are 4-segmented, the first 
and second subequal in length, the third one- 
half as long again and the fourth twice as 
long as the third with the sensory groove ex- 
tending back to mid-length. The maxillae 
(Fig. 8e) have the lacinia present and bearing 
four short setae, galea present, maxillary 
palps 5-segmented and folded. The first and 
fourth segments are sub-equal, the second 
and third sub-equal and shorter than the 
first, the fifth short about one-third the length 
of the fourth, sub-conical and about three 
times as long as wide. The differences in the 
wing venation are seen in Figure 9a, b. The 
figures of the venation in this and in the pre- 
ceding species are based on the study of the 
unexpanded wing of the adult extracted from 
the pupa. I was later able to study the wings 
of naturally emerged moths of A. queens- 
landensis. In the forewing the humeral vein 
is sometimes absent or indistinct. In one 
specimen Sc has a short branch. The cross 
vein Sc-R, is absent or indistinct. Rs is 2- 
branched in some specimens as also is M3. 
The cross veins Cu.—Cu,, and 1A—Cuz are 
absent. In the hind wings I am unable to 
check the veins of the anal area owing to the 
condition of the specimens, but the rest of 
the wing coincides with the figure given. The 
female genitalia (Fig. 9c) are similar to those 
of A. vitiensis. The male genitalia are essen- 
tially similar to those of A. vitiensis. The 
aedeagus is missing in the single male speci- 
men available. The principal differences are in 
the structure of the tenth tergite and tenth 
sternite (Fig. 9d). 

PUPA: The main difference between A. 
queenslandensis and A. vitiensis is in the man- 
dibles (Fig. 102), as mentioned in the descrip- 
tions. The number of long setae on the clyp- 
eus and labrum is variable. In the pupal skin 
of the type there are only 4 setae asymmetri- 
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cally arranged on the clypeus and 10 symmet- 
rically arranged setae on the labrum. Another 
specimen has 6 setae on the clypeus and 10 
on the labrum. 

LARVA: The larva is very similar to that of 
A. vitiensis except in its smaller size. The 
main point of difference is in the shape of the 
lateral extensions of the posterior foramen 
(Fig. 104) which are not triangular but ovoid 
owing to the constriction produced by dorsal 
and ventral processes from the epicranium. 
The only other difference is in the labral setae 
(Fig. 10c). On each side, at the anterior mar- 
gin, two setae project anteriorly, while be- 
neath these are two others instead of the 
single seta present in A. vitiensis. The man- 
dible is shown in Figure 10d. 


SYSTEMATIC POSITION 


The Micropterygidae are characterised by 
the possession of functional toothed man- 
dibles, a maxillary lacinia, and an unspecialised 
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Fic. 9. Wings and genitalia of A. queenslandensis. 
4, Venation of forewing; b, venation of hind wing; 
¢, female genitalia; d, male genitalia, caudal aspect 
(fragmentary). 
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Fic. 10. Pupal and larval structures of A. qgueens- 
landensis and diagram of infested seed of host. a, Pupal 
mandibles; 5, head capsule of larva, caudal aspect; 
c, labrum of larva, dorsal aspect; d, mandible of larva; 
e, longitudinal section (diagrammatic) of infested 
Agathis seed: B, buff layer; c, wall of pupal cell; F, 
filling material; s, seed coat. 


galea. One pupa, that of Sabatinca incon- 
gruella Walk., has been described by Tillyard 
(19234: 445-448). It has a triangular man- 
dible. The larvae of Micropteryx calthella L. 
and M. aureatella Scop. have been described 
by Chapman (1894: 341-344; 1916: 313) and 
that of Sabatinca barbarica Philp. by Tillyard 
(19234: 440-445). These three larvae have 
long antennae, compound eyes (at least in 
Sabatinca), thoracic legs, abdominal prolegs, 
and flattened body processes. They are ex- 
ternal feeders on mosses and liverworts. The 
family is represented in most regions of the 
world except the oceanic islands of the 
Pacific, the Australian and New Zealand rep- 
resentatives belonging to the genus Sabatinca. 
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The Eriocraniidae possess mandibles which 
are reduced and nonfunctional, the lacinia 
is absent, and the galea is modified to form a 
short haustellum. The pupa of Eriocrania 
purpurella Haw. has been described by Chap- 
man (1893: 255-258) and that of Mnemonica 
auricyanea Wals. by Busck and Boving (1914: 
155-158). They have truncate clubbed man- 
dibles which are toothed or scalloped apically. 
The larva of M. auricyanea has been described 
by Busck and Boving (op. cit.), that of Chap- 
mania sparmanella Bosc. by Grandi (1933: 
145-150), and that of Eriocrania sangi Wood. 
by Jayewickereme (1940: 89). They have 
short antennae and simple body setae and 
the compound eyes, thoracic legs, and ab- 
dominal prolegs are absent. These larvae are 
leaf miners in the leaves of Betulaceae and 
Cupuliferae. The family is not represented in 
the Southern Hemisphere. 

The Neopseustidae are said by Hering 
(1925: 143-147), who removed the genus 
Neopseustis from the Eriocraniidae, to lack the 
jugum and to have both mandibles and 
haustellum present. The larva and pupa are 
unknown as also is the food plant. The two 
known species occur in India and Formosa. 

The Mnesarchaeidae have the mandibles 
and lacinia absent and the galea forming a 
long haustellum. The larva, pupa, and food 
plant are unknown. The family is confined to 
New Zealand. 

The adult morphology of this superfamily, 
especially the mouth parts, venation, and 
genitalia, have been studied by Busck and 
Boving (1914), Tillyard (1919 and 19235), 
Philpott (1924 and 1927), and Issiki (1931). 
As will be seen from the foregoing short ac- 
count of the families, the larval and pupal 
stages and the food plants and habits of these 
insects are known in relatively few cases. In 
fact, Chapman’s (1894: 337) comment, “I 
was much impressed with the resistance of 
the Eriocephalidae to investigation . . . I had 
little idea that they would continue this re- 
sistance for so many years,” is still apropos. 

Agathiphaga cannot be placed in the 
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Mnesarchaeidae as defined by Tillyard (1926: 
411-412), as the mandibles are present and 
the haustellum absent, and, while vein R, is 
unbranched in A. queenslandensis, Re and R, 
are separate veins in both A. queenslandensis 
and A. vitiensis. In Viette’s (1947: 25) key to 
the families, Agathiphaga would run to the 
Neopseustidae, but it cannot be placed in 
this family because the jugum is present, there 
are two apical spurs on the middle tibiae, and 
the haustellum is absent. There is some evi- 
dence of affinity with the Eriocraniidae, such 
as the reduction of the mandibles, the pres- 
ence of two apical spurs on the middle tibia, 
the absence of the sensory process of the 
basal segment of the labial palps, and the ab- 
sence of the asymmetrical hair brushes on the 
epipharynx. The form of the pupal mandibles 
is similar to that of the known eriocraniid 
pupae. The larvae, with short antennae and 
no compound eyes, thoracic legs, abdominal 
prolegs, or flattened body processes, resemble 
the eriocraniids. 

The genus appears to conform more closely 
with the Micropterygidae than with any of 
the other families. The mandibles, though 
reduced, are apparently functional and have 
at least one reduced tooth present, the maxil- 
lary lacinia is present, and the galea is present 
but not elongated. The radial cell is present, 
as it is in all micropterygid genera except 
Palaeomicroides and Neomicropteryx. It is also 
present, however, in the eriocraniid genus 
Eriocraniella. 

Agathiphaga does not fit the emended 
family diagnosis of the Micropterygidae 
given by Issiki (1931: 1037-1038), in that 
ocelli are absent, and there is no branch of Sc. 
The sensory process on the labial palps, 
figured by Tillyard (19234: 189) in Sabatinca, 
by Busck and Boving (1914: pl. xv, fig. 6) 
in Micropteryx ammanella Aub., and by Issiki 
(1931: 1035) in Japanese micropterygids, is 
absent, as are the epipharyngeal hair brushes 
figured by Tillyard (19235: 183), and Issiki 
(1931: 1033). The female genital apparatus is 
unlike that of the micropterygids in the long 
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exsertile ovipositor, but it lacks the cutting 
and piercing adaptations present in the Erio- 
craniidae. 

The Agathiphaga pupa has four pairs of 
frontal hairs as against two pairs in the erio- 
craniids, but it lacks the lateral abdominal 
hairs. It also lacks the dorsal abdominal hairs 
of E. purpurella Haw. and the frontal beak 
and the strap-like band on the meso- and 
metathorax of Munemonica auricyanea Wals. 
Tarsal claws are present in the Agathiphaga 
pupa but are not recorded in the two erio- 
craniid pupae. They are also present in some 
trichopterous pupae. 

The larvae of Agathiphaga, as mentioned 
above, also differ from those of the other 
known micropterygids and approach the 
eriocraniid condition, but this could be a 
result of the specialised larval habitat. 

Hinton (19464: 1-4) has proposed a new 
classification for the Lepidoptera. The Micro- 
pterygidae are given ordinal rank as the 
Zeugloptera and are regarded as more primi- 
tive than the Trichoptera, which also retain 
ordinal rank. The Eriocraniidae remain with 
the Lepidoptera and, together with the 
Mnesarchaeidae, comprise the suborder Da- 
conympha. The characters of Agathiphaga, 
intermediate as it is between the Microptery- 
gidae and the Eriocraniidae, make it difficult 
to sustain the proposed classification. 

The weight of morphological evidence is 
for the inclusion of Agathiphaga as a speci- 
alised genus of the Micropterygidae. The 
seed-infesting habit could have arisen as a 
specialised development of the microptery- 
gids, and this is perhaps more likely than that 
it is a further development of the leaf-mining 
habit of the eriocraniids. Also the erio- 
craniids are not known to be represented in 
the Southern Hemisphere. Morphologically 
the adults of Agathiphaga are in several re- 
spects intermediate between the Microptery- 
gidae and the Eriocraniidae, but whether 
Agathiphaga is on the direct line of evolution 
of the Eriocraniidae is uncertain. The fact that 
the food plant of Agathiphaga is also inter- 
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mediate in the line of plant evolution be- 
tween the known food plants of these two 
families cannot be regarded as significant in 
the absence of evidence as to the age of the 
association between insect and plant in each 
case, 


BIOLOGY AND DISTRIBUTION OF 
AGATHIPHAGA 


According to Petrie (undated: 14), the 
female cones of Agathis robusta are fertilized 
in September, but the seed takes 15 months 
to mature. At the same time, there are present 
on the tree the maturing cones of the previous 
crop, and these drop their seed in late Decem- 
ber or early January. It is not known when 
the moths fly and lay their eggs or how long 
the larva is in the seed before it is fully fed. 
As the infested seed is not markedly smaller 
than uninfested seed, it might be assumed 
that the seed is not infested until it is nearly 
mature. Some support is given to this thesis 
by Petrie’s note (undated: 13) that seed col- 
lected in October was apparently not infested 
whereas seed collected in December and 
January was infested. I have no information 
on the date of pupation of A. gueenslandensis, 
but the larvae of A. vitiensis pupated in the 
spring. Petrie (undated: 9) notes that no 
external hole is seen in infested seed. The 
ovipositor of A. queenslandensis is not adapted 
for piercing the tissues of the cone, and it is 
likely that the eggs are laid on the cone sur- 
face, perhaps at the junction of contiguous 
scales, or thrust into crevices between the 


scales. The flaccid, yellowish, mature larvae © 


are reported by Brimblecombe to be able 
to remain alive in the seed for as long as 3 
years, but it is not known what factors 
terminate the diapause. Infested seeds (Fig. 
10e) of Agathis robusta are completely hol- 
lowed out. At both ends of the seed is a 
filling, or plug, of hard black pitchy material. 
Between these is the pupal cell formed by a 
thin dark reddish-brown layer of uniform 
thickness, smooth on the inner surface. The 
external surface of this layer is pale brown or 
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buff. The seed of Agathis robusta is 11 to 12 
mm. long in the median line, and the pupal 
cell is 6 mm. long by 2.5 mm. wide and 
elongate-ovoid. Seeds from which Agathi- 
phaga queenslandensis had emerged were kindly 
sent by Brimblecombe. They were found to 
have subcircular emergence holes 1.5 mm. in 
diameter. 

It is doubtful if the tips of the long pupal 
mandibles can be apposed within the con- 
fines of the pupal chamber. The structure of 
the mandible makes it apparent that the 
emergence hole is made by a gouging or 
chiselling action of the teeth on the peri- 
phery of the circular, truncated, concave apex. 
Two holes are present in some seeds, indicat- 
ing that the two mandibles may not be able 
to work at the one point on the wall of the 
pupal cell. The movement of the pupal man- 
dibles must be produced by the muscles of 
the adult mandibles, in a manner similar to 
that described by Hinton (19465: 284) in the 
pupa of the trichopteron Rhyacophila dorsalis 
Curt. The alternative is that torsional move- 
ments of the whole body enable the man- 
dibles to make an emergence hole, and this 
seems very unlikely. It is evident from the 
material sent by Brimblecombe that the pupa 
emerges completely, or nearly so, from the 
seed before the emergence of the adult, since 
the pupal skins were free and not enclosed in 
the seed. The possession of tarsal claws by 
the pupa must greatly facilitate its emergence 
from the seed. 

Brimblecombe informs me that Agathi- 
phaga queenslandensis may destroy up to 20 
per cent of the fertile seed of the Queensland 
Kauri Pine, Agathis robusta. Petrie (undated: 
9) mentions a loss of the order of 90 per cent 
of the seed. 

The seed of Agathis palmerstoni is also in- 
fested by Agathiphaga, but it is not clear 
whether this is A. gueenslandensis or another 
species as I have not seen material which is 
definitely from Agathis palmerstoni seed. There 
was some doubt about the origin and identity 
of the seed recorded as from Como (?), but 
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adults from this material, except for minor 
variation in the venation, were identical with 
those from A. robusta seed from Mary- 
borough. 

There is, of course, a possibility that 
Agathiphaga may infest the seeds of pines of 
the genus Araucaria which, in Queensland 
(but not in Fiji), occurs in the same areas as 
Agathis. 





Fic. 11. Hymenopterous parasite of A. queens- 
landensis. a, Facial aspect of head of larva; 4, larval 
spiracle. 


A hymenopterous parasite attacks Agathi- 
phaga queenslandensis. Two infested seeds were 
found to contain only the head capsule of the 
moth larva and four or five dead larvae of the 
parasite. The head capsule and the pro- 
thoracic spiracle of this parasitic larva are 
shown in Figure 11 to facilitate future identi- 
fication. The parasitised larvae did not ex- 
ceed 1 or 2 per cent of the total number 
examined. I have no information on the dis- 
tribution of Agathiphaga vitiensis in Fiji or the 
extent to which it damages Agathis vitiensis 
seed there. Seeds containing living larvae were 
sent to me and 18 months later, in mid- 
September, pupae were present. No emer- 
gence of adults occurred even when the living 
pupae were removed from the seeds and kept 
in moist conditions, though the adults were 
fully developed inside the pupal case. The 
pupal head and forelegs were freely movable, 
but I did not observe any movement of the 
mandibles. 
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Notes on Hawaiian species of Scaevola (Goodeniaceae) 
Hawaiian Plant Studies 19’ 


HAROLD ST. JOHN? 


GOODENIACEAE 
Scaevola kauaiensis 
(Degener ) St. John, comb. nov. 


Camphusia glabra (Hooker & Arnott) De 
Vriese, var. kauaiensis Degener, Fl. Hawai- 
iensis, fam. 340: text and fig. of flower and 
fruit on left of plate, Oct. 14, 1938, not S. 
Gaudichaudiana Cham. f. kauaiensis Skotts- 
berg, Bernice P. Bishop Mus., Bul. 43: 
bi, 8921. 


The genus Scaevola is well known in the 
Pacific, having littoral species widespread in 
the tropics, and more than 80 species in 
tropical Asia and the Pacific, but most of 
them in Australia and Oceania. The numerous 
species include various habit forms and a 
considerable range of morphological struc- 
ture, but the genus has long been considered 
a clearly delimited and natural one. To be 
sure, the shrubs may be erect or scandent, the 
leaves alternate or opposite and glabrous or 
pubescent, the flowers solitary or in cymes, 
white striped, blue, purple, or yellow, and the 





1This is the nineteenth of a series of papers de- 
signed to present descriptions, revisions, and records 
of Hawaiian plants. The preceding papers have been 
published in Bernice P. Bishop Mus., Occas. Papers 
10(4), 1933; 10(12), 1934; 11(14), 1935; 12(8), 1936; 
14(8), 1938; 15(1), 1939; 15(2), 1939; 15(22), 1940; 
15(28), 1940; 17(12), 1943; Calif. Acad. Sci., Proc. IV, 
25(16), 1946; Torrey Bot. Club, Bul. 72: 22-30, 1945; 
Lloydia 7: 265-274, 1944; Pacific Sci. 1(1): 5-20, 1947; 
Brittonia 6(4): 431-449, 1949; Gray Herb., Contrib. 
165: 39-42, 1947; Pacific Sci. 3(4): 296-301, 1949; 
Pacific Sci. 4(4): 339-345, 1950; and Bernice P. 
Bishop Mus., Occas. Papers 20(6): 77-88, 1950. 

2 Chairman, Department of Botany, University of 
Hawaii. Manuscript received March 15, 1951. 


drupes white or black, but these are properly 
considered specific differences and the genus 
is a natural, easily recognized one because of 
its tubular corolla with a split down its proxi- 
mal side. From this large assemblage of 
species, various segregate genera have been 
proposed. Among these is Camphusia of De 
Vriese (1850),3 based on the single Hawaiian 
species, Scaevola glabra Hooker & Arnott. 
This species is very distinct from all the other 
Hawaiian ones. In his subsequent monograph 
in 1854, De Vriese retained Camphusia, de- 
scribing it in detail and giving as the key 
character the fact that its flowers were solitary. 
This character is of little value, as there are 
other dissimilar species which have solitary 
flowers: S. Menziesiana Chamisso, S. coriacea 
Nuttall, S. Skottsbergii St. John, etc. Degener 
(1938) revives the genus Camphusia and de- 
scribes a new C. glabra var. kauaiensis with 
the sole character mentioned in the diagnosis 
being flowers twinned (‘‘Flores gemini’’), a 
character completely at variance with the key 
character chosen by De Vriese, “Flores soli- 
tarii.”” Degener in his English description 
mentions several other characters, such as 
length of peduncle, corolla, etc., but these are 
of varietal or specific significance only. Of 
course it is perfectly proper for a later author 
to redefine a genus and emphasize other 
characters as diagnostic. Degener does this 
for Camphusia De Vriese, separating it in his 
key as follows: 

“Corolla tube strongly curved and on 

upper side not split to base; filaments 


3 In Nederl. Kruidk. Arch. 2: 148, 1850. 
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not marcescent; calyx not bracteate 

SS ks earentacenwnns CAMPHUSIA 
Corolla tube straight or nearly so and 

on upper side split to base; filaments 

early marcescent; calyx usually bi- 

bracteolate at base....... SCAEVOLA” 

Among the Hawaiian species of Scaevola, 
the species S. glabra is conspicuous by having 
a strongly curved, fleshy corolla tube which 
is cleft on the proximal side only about half- 
way down and the calyx or hypanthium or 
base of the inferior ovary is naked or bractless 
at base. The question is, are these generic 
differences? 

The corolla is cleft about halfway, but it 
has a suture from there down to the base on 
which it may split in age. This seems an ex- 
treme specific character, but not a generic one. 
The calyx or ovary is bractless at the base, but 
so also are the numerous flowers in the large 
cyme of S. frutescens (Miller) Krause of the 
Pacific and Indian Oceans, and so are they 
bractless in S. Helmsii E. Pritzel of Western 
Australia. The filaments of S. glabra are re- 
tained within the partly closed corolla tube 
and hence are little exposed. The filaments of 
most other Scaevola species are pushed outside 
as the slit tube of the corolla yields to the 
stress and turns to the anterior side and more 
or less flattens out, so the exposed filaments 
after anthesis wither and dry. However, no 
important difference between marcescent and 
non-marcescent filaments. has been noted. 
The yellow color of the corolla is not unique, 
for other species have yellow flowers, as, for 
example, S. enantophylla F. von Mueller. Other 
species have their corollas of varying textures 
from membranous to fleshy, the Hawaiian 
species S. coriacea Nuttall having the whitish 
flowers of the 1- to 3-flowered cymes definite- 
ly fleshy. Other species, such as S. tomentosa 
Gaudichaud of Western Australia, have 
curved corollas. In some families the curving 
of the corolla provides good characters, but 
in Scaevola, with various species having the 
corolla tubes straight, nearly straight, or 
slightly or markedly curved, the attempt to 
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set off one species as a segregate genus by the 
use of this character is patently unsound. The 
key and diagnostic characters used by 
Degener for Camphusia are judged equally in- 
valid as the one of De Vriese. In conclusion, 
Camphusia seems correctly placed as a syno- 
nym of Scaevola, as it was by nearly all 
botanists and as it was in the monograph by 
Krause (1912: 119, 130) and by Skottsberg in 
his earlier writing (1927: 39), though in a 
later paper (1939: 184) there is an indication 
that he intends to restore Camphusia. 

No specimens of any plant like S. glabra 
from the island of Maui are available. Krause 
lists one collected by Hillebrand and now in 
the herbarium at Wien. This has not been 
available for study, and, like Skottsberg and 
Degener, the writer has seen no recent collec- 
tions from that area. If it really came from 
Maui, it might well be a distinct kind. 

Since S. kauaiensis is here accepted as a 
species, it is desirable to print a description 
of it: 

Shrub up to 4 m. tall; branches forking but 
often elongate and wand-like, the bark 
smooth, pale brown with raised corky lunate 
leaf scars and branch scars; branchlets smooth 
leafy, often for a considerable distance, stout, 
1-15 mm. in diameter; axils with a prominent 
hairy tuft, the abundant hairs tawny, silky 
lanate, 6-7 mm. long, tardily deciduous after 
the fall of the leaves; leaves glabrous, alter- 
nate, or in part subopposite; petioles 12-40 
mm. long; blades 5—12 cm. long, 15-55 mm. 
wide, coriaceous, oblanceolate to oval, the 
apex acute, the base cuneate or decurrent, 
above dark green, below pale green; cymes 
axillary, reduced, and 1- or 2-flowered; pe- 
duncle 2-10 mm. long, glabrous except for 
the hairy tufts at the apex; bracts 2, opposite, 
terminal, 2-4 mm. long, lanceolate to ellip- 
tic, fleshy, with their axils tawny hairy tufted; 
pedicels 7~35 mm. long, glabrous, ascending 
or spreading, bractless; hypanthium 4-6 mm. 
long, narrowly obpyramidal, glabrous; calyx 
lobes 5-8 mm. long, linear or, rarely, lance- 
linear; corolla yellow, fleshy, curved; corolla 
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tube 28-35 mm. long, glabrous outside, but 
hirsutulous within from level of tip of calyx 
lobes to the throat, on proximal side cleft 
about halfway, and from the sinus to the base 
having a distinct suture along which the 
corolla may split in age; corolla lobes 6-15 
mm. long, the outside glabrous, the inside 
hirsutulous except on the hyaline winged 
margins; filaments glabrous, about 33 mm. 
long; anthers 5 mm. long, linear; style 42-48 
mm. long, exserted, stout, glabrous; indu- 
sium 3-4 mm. in diameter, ciliolate on the 
rim; drupe 16-20 mm. long, broadly oval, 
shining black; endocarp 9-13 mm. long, 
8-9 mm. wide, 6 mm. thick, definitely 
flattened dorsiventrally, bearing several sharp 
ridges toward the apex, the walls in median 
cross section 0.5-0.8 mm. thick, smooth or 
with 1-2 slight ridges, stramineous. 


RANGE: Swampy woods or high bogs at 
3,500 to 4,700 feet altitude and the open bog 
of Alakai Swamp from the Kalalau Pali to 
Keaku Cave; also near Wahiawa Swamp at 
2,100 feet altitude. 


TYPE: Kauai, Waineke Swamp, Kokee, 
June 28, 1926, Otto Degener and Henry Wiebke 
2,187. 


SPECIMENS EXAMINED: All from Kauai: 
Kokee, C. Skottsberg 1,020; Kawaikoi Stream, 
C. N. Forbes 908.K; Kalalau Pali, C. N. Forbes 
1,037.K; n. w. end Alakai Swamp, H. St. 
John et al. 10,736; Kauluwehi, J. F. Rock 
12,914; central plateau, trail to Kaluiti stream 
and Keaku cave, J. F. Rock 5,063 (also dupli- 
cates under the temporary numbers 5,075, 
5,077, and 5,078); Kaholuamanoa [=Kaho- 
luamanu], A. A. Heller 2,806; and near Wa- 
hiawa bog, L. H. MacDaniels 619. 

The only collector recording the stature of 
the plant was MacDaniels and he gave it as 
“small tree, height 4 meters.” The plant is a 
shrub rather than a tree. 

The diagnostic characters of the two species 
are as follows: 

S. kauaiensis (Degener) St. John has the 
branches often long and wand-like, leafy for 
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some distance; axillary hairy tufts 6-7 mm. 
long; peduncle 2-10 mm. long; pedicel 
7-35 mm. long; calyx lobes 5-8 mm. long, 
linear or rarely lance-linear; corolla tube 28- 
35 mm. long; corolla lobes hirsutulous within 
except on hyaline-winged margins; endocarp 
wall in median cross section 0.5-0.8 mm. 
thick, stramineous, the surface smooth or 
with 1-2 slight ridges. 

S. glabra Hooker & Arnott has the branches, 
or at least the lateral ones, ascending with 
leaves crowded near the stem tips; axil- 
lary hairy tufts 3-5 mm. long; peduncle 
0-3 mm. long; pedicel 13-30 mm. long; 
calyx lobes 2-5 mm. long, narrowly deltoid; 
corolla tube 15-24 mm. long; corolla lobes 
hirsutulous within only for a short distance 
just near the base in the submarginal areas; 
endocarp wall in median cross section 1-2 
mm. thick, dark brown, the surface with 
several prominent sharp ridges. 


Scaevola frutescens (Miller) Krause 


Scaevola frutescens (Miller) Krause is dis- 
tinguished from its varieties by having its 
leaves glabrous from the first or, if sparsely 
puberulent near the midrib below, then gla- 
brate long before maturity. This species is 
common on the outer Leeward Islands of the 
Hawaiian Group, extending from Kure 
(Ocean) Island to Midway, Pearl and Hermes 
to Laysan. Then it occurs on Kauai near Na- 
wiliwili Bay and inland on the slopes of the 
Haupu Range; and it has been found on Ka- 
hoolawe Island. On the shores of the other 
main Hawaiian Islands the plant occurs only 
as the var. sericea, which is abundant and wide- 
spread along the shores. 


Scaevola frutescens (Miller) Krause, var. 
sericea (Forster f.) Merrill 


S. frutescens forma moomomiana Degener & 
Greenwell, ex Degener Fl. Haw. 340: 
12/1/49. 


SPECIMENS EXAMINED: Molokai: Kaluakoi, 
Kawakui Road, 600 feet altitude, low bushes 

















Hawaiian Species of Scaevola— ST. JOHN 


growing on sand dunes, Dec. 22, 1932, H. St. 
John et al. 12,450. 

One of the commonest littoral plants is 
this widespread variety, known from many 
parts of the tropical Pacific. It occurs near the 
beach or the sea shores on all types of soil. 
It has not been reported far from the beach or 
at high elevation, hence, this locality at 600 
feet altitude and 1% miles from the shore is 
worthy of record. At the shore there are ex- 
tensive and large dunes of coral sand and 
shell sand at Moomomi, Molokai. South- 
west by west from here is a broad strip up the 
foothills where the strong northeast trade 
winds blow the dunes before them right up 
the hillsides. These inland dunes climb to the 
crest of the ridge at 600 feet and partway 
down the declivity on the other side. They 
have, at least in part, the same vegetation as 
those of the coast, Boerhavia diffusa, Scaevola, 
Ipomoea pes-caprae, etc. They are doubtless 
saline enough in this arid area, and the plant 
seeds have been blown inland along with the 
sand. Though these inland localities are of 
striking interest, they are easily explained. 

The writer has also observed this variety on 
Oahu at 500 feet altitude. This was near the 
crest of the Koolau Range, east of the King’s 
Highway Pass, east of Makapuu Head Light- 
house, above the first beach in Waimanalo. 
Here the Scaevola is to be seen in gulches, 
nearly to the top of the divide. This is on 
the windward side of the island and is fully 
exposed. Here storm winds obviously are re- 
sponsible for lifting salt spray, sand, and seeds 
of beach plants up the gullies on the face of 
the precipitous cliffs. The distance inland, 
however, is only a small fraction of a mile. 

Degener has also observed and collected 
this shrub of the inland dunes and has recently 
described it as S. frutescens forma moomomiana 
Degener and Greenwell. Its only distinguish- 
ing characters were stated to be: ‘This 
brittle-leaved form has densely velvety 
leaves.” The type specimen, Degener 7,730, is 
in the herbarium of the New York Botanical 
Garden. The writer studied the type in June, 
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1950, and found it a full sheet. The leaves are 
densely ascending white pilosulous above and 
below, a little more hairy and velvety than 
usual in the variety, but the hairs are of exactly 
the kind found on the leaves of var. sericea. 
The type has blades 3.5-10.0 cm. long, 
spatulate, and, when dried, thick and rigid, 
showing no evidence of having been brittle. 
The writer was unable to perceive brittleness 
as a usable character for this forma in the 
herbarium or in the type locality where he has 
observed this plant several times. There were 
also present three other collections from near 
the type locality, Degener 7,728, 7,729, and 
7,731; in these, differences in the length and 
density of the pubescence were observed, but 
they and 7,730 did not seem separable on the 
pubescence alone. All are better referred to 
S. frutescens vat. sericea. 


forma 
albiflora (Degener & Greenwell) comb. nov. 


Scaevola mollis Hooker & Arnott, 


S. mollis var. albiflora Degener & Greenwell, 
in Degener, Fl. Haw., fam. 340: 10/1/47. 


Corolla white except for the violet margin 
of the sinus of the split tube. 


TYPE: Oahu, “Shrubby, cloudy east slope 
near top; between Puu Kanehoa and Puu 
Kaua, Waianae Range,. June 23, 1940, 
Degener No. 17,643.” 


SPECIMENS EXAMINED: Puu Hapapa, Waia- 
nae Mts., southeast slope, among bushes near 
top, June 4, 1939, Otto Degener & Emilio 
Ordonez 12,364; Puu Kaaumakua, Koolau 
Range, Waipio, low forest near peak, 2,400 
ft. alt., 1 m. shrub, Aug. 23, 1942, Harold St. 
John and June Suzuki 20,312. 

The species, Scaevola mollis, is abundant in 
the Koolau Range, Oahu, occurring from the 
moist forest of the Ohia Zone up to the 
crest of the mountains in the Cloud Zone. It 
is readily distinguished from the other species 
on Oahu by having its leaves soft hairy be- 
neath and by having its flowers blue, or more 








Vv 






is Wat MA LIVIA Ss 


PHVEMPENIET 


eo 
>> 


exactly, pale blue with the veins and sinus 
margin violet. It is a very distinct species and 
quite homogeneous. 

Only recently has the species been known 
in the Waianae Mountains. Besides Degenet’s 
type specimen (of var. albiflora) from the 
Waianae Mts., he apparently has a second 
collection. Its label reads, “‘Scaevola mollis 
H. & A. forma nov. with white flowers or 
more likely somewhat hybridized with S. 
Gaudichaudiana Cham.” It matches nicely our 
collection from the Koolau Range. In the 
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leaf shape, size, toothing, permanent pubes- 
cence, inflorescence form, pubescence, flower 
structure, all details tally exactly with those of 
S. mollis. No indications of hybridity are ap- 
parent to the writer. S. Gaudichaudiana is so 
different in structure and appearance that it 
should leave some visible trace in a hybrid 
offspring besides the lack of pigment in the 
flower. In conclusion, there seems no evi- 
dence of a hybrid origin. The plants differ 
from the species only in the albinc flowers, 
hence, are best classified as a color form. 











Inter-tidal Zonation at Rangitoto Island, New Zealand. 
(Studies in Inter-tidal Zonation 4.) ' 


J. A. CARNAHAN? 


INTRODUCTION 


THIS STUDY was undertaken to elucidate, if 
possible, the causative agents determining 
the distribution of inter-tidal plants and ani- 
mals on the shores of Rangitoto Island. The 
work comprised an attempt to classify the 
inter-tidal communities, followed by an ex- 
amination of tidal and other environmental 
factors. 

I wish to thank Professor V. J. Chapman for 
his advice and criticism. My thanks are also 
due to Miss R. F. de Berg, Mr. V. W. 
Lindauer, Miss L. B. Moore, and Mr. J. E. 
Morton for assistance with identifications; to 
Mr. P. Carnahan for help with the instrument 
levelling; and to Mr. C. Harvey for preparing 
the graphs for reproduction. Finally, the work 
on Rangitoto was facilitated by the co- 
operation given by the Naval Department 
and by the staff at Rangitoto Naval Base. 


DESCRIPTION OF LOCALITY 


Rangitoto Island is situated in the south- 
west corner of the Hauraki Gulf, New Zea- 
land, off the entrance to Auckland Harbour 
(Fig. 1). It is a roughly circular island, with a 
diameter of 3 miles. The western and southern 
coasts are &bout 3 miles from the mainland, 
while the adjoining island of Motutapu pro- 
tects its eastern shores. Only the -northern 


'This paper contains the substance of a thesis 
presented at Auckland University College for the 
degree of M.Sc., 1948. 

Junior Lecturer, Department of Botany, Massey 
Agricultural College, Palmerston North, New Zealand. 
Manuscript received August 2, 1949. 


coast is exposed, but even this faces a gulf, 
not the open sea. , 

Rangitoto is a volcano which has been 
active in recent times. The greater part of the 
island consists of flow basalt and exhibits the 
characteristic low conical shape of such vol- 
canoes. This portion is probably more or less 
contemporaneous with the Pleistocene basalt 
volcanoes which are of frequent occurrence 
in the Auckland metropolitan area. The final 
cinder cone within the original crater may 
have ceased activity within historic times. 

The principal substratum is the basic lava 
which comprises the island volcano. Upon 
sheltered shores, this occurs as solid flows or 
as broken scoria (Fig. 2). On fairly exposed 
shores, the flows are somewhat broken and 
the scoria is waterwashed. On the more ex- 
posed northern coasts, the heavy surf raised 
by northeast winds has produced cliffing and 
boulder beaches. 

Mud occurs as harbour silt beyond the 
termination of flows and scofias. It also ap- 
pears wherever it is possible for sedimentation 
to take place. It is conspicuous in protected 
bays and inlets and on scoria shores. Minor, 
localised substrata are developed from “‘na- 
tural brick’”’ (sedimentary material baked by 
contact with hot lava), sand, and shell. 


TERMINOLOGY 


The writer follows Chapman (1946) and 
Beveridge and Chapman (1950) in applying 
terrestrial plant ecological terminology to 
inter-tidal communities of plants and animals. 
This is based on the assumption of the cli- 
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Fic. 1. Locality map of Rangitoto. Co-ordinates represent each 5 minutes of east longitude (top is north) 
and of south latitude. Scoria Flat Inlet shown west of Rangitoto Wharf. Position of Queen’s Wharf indicated by 
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mactic nature of rocky-shore communities 
and the seral nature of those of salt marshes. 

In the present paper, the littoral is defined 
as the region between mean high water mark 
and mean low water mark of spring tides. 
Above this is a lower supralittoral region sub- 
ject to occasional submergence, and below it 
is an upper sublittoral region subject to oc- 
casional exposure. 

In the following account reference is made 
to certain tide levels. These are abbreviated 
as follows: 

E.H.W.S.T. (extreme high water mark of 
spring tides) 

M.H.W.S.T. (mean high water spring tides) 

M.H.W.N.T. (mean high water neap tides) 

M.L.W.N.T. (mean low water neap tides) 

M.L.W.S.T. (mean low water spring tides) 


E.L.W.S.T. (extreme low water spring tides) 


The abundance or frequency of a species in 
a community is noted as: d (dominant), a 
(abundant), f (frequent), o (occasional), or 
r (rare). 


CLIMAX COMMUNITIES OF ROCKY SHORES 


As the local variant of the basic zonation 
suggested by Stephenson (1939), Chapman 
(1950) proposes four basic formations for the 
rocky shore climax of New Zealand. These, 
in order from top to bottom of the littoral, are 
the Littorinoid, Barnacle, Lower Littoral 
Mixed Algal, and Sublittoral Brown Kelp 
formations. It appears possible to build the 
pattern of distribution of species at Rangi- 
toto into this framework. 
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Littorinoid Formation 


This formation is that of the uppermost 
littoral and lower supralittoral. Its communi- 
ties may reach upwards to the highest levels 
ever submerged. 

There is one principal association on rock, 
although several fasciations occur where there 
is sediment. The patchy nature of the com- 
munities of the upper littoral differs from the 
usual “‘closed’’ nature of littoral communities 
on Rangitoto. 


1. Melarhaphe-Lichina association 
Melarhaphe oliveri ad 
Lichina pygmaea d 
Bostrychia mixta f£ 
Ralfiia sp. f 


Placoma vesiculosa f 


Lichina has a narrower vertical range than 
that of Melarhaphe, its upper limit being at 
M.H.W.S.T. Its lower limit is that of Me/ar- 
haphe, in the vicinity of M.H.W.N.T. 

Several subordinate species occur, scattered 
within similar limits to those of Lichina, e.g., 
turfs of Bostrychia mixta are frequent, and 
there are also an encrusting Ra/fsia sp. and 
small colonies of Placoma vesiculosa. 


2. Caloglossa-Catenella fasciation 
Caloglossa leprieurii 
Catenella nipae d 
Bostrychia mixta f{ 
Hildenbrandia prototypus. o 


This community occurs within the levels 
of the Melarhaphe-Lichina association, where 
there is some sediment. It is found particu- 
larly in crevices and other shaded places, 
where Hildenbrandia prototypus also takes part 
in the community. Cal/oglossa and Catenella are 
also found, together with Rhizoclonium hook- 
eri, OM mangrove pneumatophores (see 
“Avicennia officinalis consocies’’). 


3. Myxophycean fasciations 

Several Myxophycean communities are as- 
sociated with varying degrees of sedimenta- 
tion in the high tidal levels. These are domi- 
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nated by one or more of the following species: 
Calothrix scopulorum, Lyngbya semiplena, Phor- 
midium ambiguum, and Oscillatoria nigroviridis. 


Barnacle Formation 


The communities within this formation oc- 
cupy the large mid-tidal portion of the littoral 
(M.H.W.N.T.—-M.L.W.N.T.). The two prin- 
cipal associations are characterised by the co- 
dominance of the barnacle Chamaesipho 
columna. 


4. Chamaesipho-Apophlaea association 
Chamaesipho columna d 
Apophlaea sinclairii d 
Gelidium pusillum f{ 


This association occupies the upper por- 
tion of the mid-tidal levels. The lower limits 
of both dominants, as individuals, lie well 
below the lower limit of the association, but 
Apophlaea is dominant only within the limits 
of the association. The vertical range of 
Gelidium pusillum, a scattered, turf-like species, 
lies across that of the association. 


5. Chamaesipho-Saxostrea association 
(Fig. 2) 
Chamaesipho columna d 
Saxostrea glomerata d 
Elminius plicatus f 





Fic. 2. Zonation on sloping scoria shore. Chamae- 
sipho-Saxostrea association (white), Corallina-Hormosira 
association (grey), Carpophyllum-Ecklonia association 
(dark; bottom of slope and foreground). 
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Scytothamnus australis f£ 
Apophlaea sinclairii f 
Hormosira banksii o 


This is the characteristic mid-tidal com- 
munity of rocky shores on Rangitoto. The 
upper limit of this association coincides with 
the lower limit of the preceding association. 
The relative proportions of the two dominants 
vary with the environment. Thus, certain en- 
vironmental conditions, which may differ for 
the two organisms, appear to be required for 
the optimum expression of each. As a result, 
in the extreme case, two consociations may 
be recognised. 

Elminius plicatus, Apophlaea sinclairii, and 
Scytothamnus australis are scattered through the 
association. It is probable that the importance 
of Apophlaea above the upper limit of Saxo- 
strea may be related to an absence of compe- 
tition. Scytothamnus assumes local dominance 
in more exposed localities. 

With an increase in physical exposure, 
Chamaesipho brunnea enters the association, to 
the extent of dominance. Its upper limit is 
above that of C. columna. 


6. Hormosira banksii consociation 
Hormosira banksii d 
Scytothamnus australis £ 
Corallina officinalis f 
Vermilia carinifera o 
Microdictyon sp. 0 


The Hormosira community, classed under 
the mid-tidal formation, occupies approxi- 
mately the same limits as the Chamaesipho- 
Saxostrea association of less protected shores. 
This plant, which is associated with physical 
shelter, may form a consociation on flat or 
broken surfaces. The community is very 
characteristic of scoria shores. 

Vermilia carinifera may completely occupy 
such special substrates as isolated rocks and 
steep surfaces (Fig. 3). 


7. Elminius-Modiolus fasciation 
Elminius modestus d 
Modiolus neozelanicus d 
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Gelidium pusillum o 
Caloglossa leprieurii o 
Scytothamnus australis o 
This mid-tidal community occurs on the 
special substratum provided by wharves 


8. Enteromorpha bulbosa-Monostroma 
crepidinum aspect 
A chlorophycean community occurs in the 
upper part of the levels of the formation be. 
tween June and January. It is associated with 
physical shelter, but has no apparent relation 
to fresh-water drainage. 


Lower Littoral Mixed Algal Formation 


This formation occupies that part of the 
littoral which lies roughly between M.L.W. 
N.T. and M.L.W.S.T. It is noteworthy for 
the fact that all the dominants in the various 
communities are plants. A considerable vari- 
ation in species composition is partly asso- 
ciated with changes in physical exposure. A 
basic association may, however, be recog- 
nised. 


9. Corallina-Hormosira association (Fig. 
2) 
Corallina officinalis d 
Hormosira banksii d 
Codium adhaerens a 
Colpomenia sinuosa a 
Elminius modestus a 
Cystophora torulosa a 
Xiphophora chondrophylla vat. minus a 
Aeodes nitidissima a 
Splachnidium rugosum f 


Hormosira banksii exhibits a much-reduced 
thallus form as compared with the Hormosira 
plants from the upper part of its range. This 
appears to be associated with relative toler- 
ance of water loss (see page 44). 

Several important subordinate species ap- 
pear to have ecological requirements fairly 
similar to those of the dominants. These are 
Codium adhaerens, Splachnidium rugosum (sea- 
sonal), and Colpomenia sinuosa (seasonal). 
Elminius modestus covers many pebbles and 
stones down to M.L.W.S.T. 
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Fic. 3. Zonation on sea wall (steep, solid surface). 


From top: Saxostrea glomerata, 
Codium adhaerens. 


Vermilia carinifera, 


Much variation is produced within the 
levels of the association by the dominance of 
subordinate species under special conditions. 
Codium adhaerens flourishes on steep slopes 
(Fig. 3) and in shade, while the seasonal 
Splachnidium rugosum dominates on some 
fairly exposed slopes and boulders. Cystophora 
torulosa and Xiphophora chondrophylla vat. 
minus occur at the junction of the Corallina- 
Hormosira and brown kelp communities in 
fairly exposed localities, and exhibit domi- 
nance with moderate and strong exposure, 
respectively. Aeodes nitidissima assumes sea- 
sonal local dominance at similar levels in 
more sheltered areas. 


Sublittoral Brown Kelp Formation 


This formation is represented by a very 
consistent association, which forms the kelp 
belt that encircles the island. 


10. Carpophyllum-Ecklonia association 
(Fig. 2) 
Ecklonia radiata var. richardiana d 
Carpophyllum maschalocarpum 4d 
C. flexuosum a 
C. plumosum a 
Pterocladia lucida f£ 
P. capillacea f 
Melanthalia abscissa f 
Sargassum sinclairii o 
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Carpophyllum maschalocarpum, the principal 
Carpophyllum species, is generally present in 
larger proportions than Eck/onia. In addition, 
Carpophyllum flexuosum occurs with shelter and 
C. plumosum with exposure. Sargassum sin- 
clarii is scattered within the association in 
sheltered places. Prominent subordinates in 
exposed areas are Pterocladia lucida, P. capil- 
lacea, and Melanthalia abscissa. 


11. Mytilus canaliculus-Tunicate fascia- 
tion 
This community occurs on vertical and 
shaded surfaces, which are unsuitable for the 
general establishment of the large phaeo- 
phyceans. Scattered specimens of Eck/onia and 
Tethya fissurata occur in the community. 
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Fic. 4. Communities of Scoria Flat Inlet. Salicornia- 
Stipa associes (above), Avicennia officinalis consocies 
(showing pneumatophores), Saxostrea glomerata on 
vertical rock surfaces, and Hormosira banksii where 
there is sediment. 


SERAL COMMUNITIES (Fig. 4) 


The maximum development of seral com- 
munities takes place on sedimentary sub- 
strata in sheltered places. There is a zonation 
of several communities, each dominated by 
angiosperms. In each case, aggradation, 
characteristic of seral communities, occurs. 


1. Salicornia-Stipa associes 


Salicornia australis 4d 
Stipa teretifolia d 
Rhizoclonium hookeri £ 
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Melarhaphe oliveri f 
Suaeda maritima o 
Triglochin striata va. filifolium 
This is principally a community of about 
M.H.W.S.T. In the shelter of the dominant 
angiosperms is a Rhizoclonium hookeri socies. 


2. Avicennia officinalis consocies 

This is a mid-tidal community. Although 
the vertical range within which mangrove 
seedlings will develop is narrow, a mature 
plant occupies a wide vertical range by virtue 
of its size. A community of Rhizocloninm 
hookeri, Catenella nipae, Caloglossa leprieurit, 
and sediment-fixing Myxophyceae occurs on 
the pneumatophores. In some areas, Hormo- 
sira banksii is attached to the pneumatophores, 
and to scoria where this is present. Gracilaria 
secundata {. pseudoflagellifera appears to be 
free-living on the surface of the mud. 


3. Zostera nana consocies 


This is the community of the lowest littoral 
and the upper sublittoral. 


LEVELLING SURVEY 


A numerical account of distribution was 
provided by means of a levelling survey. The 
species were treated individually because of 
the wide variety of vertical and horizontal 
ranges which produces the observed com- 
plexity of community groupings. 

The upper and lower limits of the inter- 
tidal organisms were determined as relative 
to tide levels, both for the elucidation of 
causal factors and for correlation with similar 
work elsewhere. There being no bench marks 
on the island, all levellings were referred to 
marks established above E.H.W.S.T., these 
marks in turn being tied to E.L.W.S.T. as 
determined for the island (see ‘Tidal Fac- 
tors’). The levels given below are based on 
E.L.W.S.T. as 0.00 feet. 


Relation of Communities to Levelling 
(Figs. 5, 6) 
The levels for an apparently normal zona- 
tion confirm the observed communities. 
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There is a definite tendency for the majority 
of the upper and lower limits of species to 
occur in the vicinity of the apparent limits of 
formations and communities. 

It is also possible to postulate critical levels 
at which significant changes in species com- 
position occur. Five such levels were recog- 
nised on Rangitoto. The lowest critical level 
on the shore was placed at 1.50 feet, being 
the average of the seven upper limits and 
eight lower limits of species which were 
located between the levels 1.00 feet and 2.00 
feet above E.L.W.S.T. Others were placed at 
3.75 feet (five upper and three lower limits 
between 3.50 feet and 4.00 feet); at 8.00 feet 
(five upper and four lower limits between 
7.50 feet and 8.50 feet); at 9.30 feet (seven 
upper and five lower limits between 9.00 feet 
and 9.75 feet); and at 11.00 feet (nine upper 
and three lower limits between 10.50 feet and 
11.50 feet). 

The numerical basis of these levels (to the 
nearest 0.5 foot) is shown in Figure 6. The 
principal levels of change in species compo- 
sition are clearly in the vicinity of 1.5, 3.5, 
9.5, and 11.0 feet. 


FACTORS INVOLVED 
Tidal Factors 


Tidal Information. The tides at Auck- 
land are of the normal semidiurnal type, with 
a diurnal inequality. Tidal measurements are 
made at Queen’s Wharf by the Auckland 
Harbour Board’s tide instrument. The zero 
for these measurements is E.L.W.S.T., taken 
as 3 feet above the Auckland Dock Sill. The 
Admiralty Datum, upon which the tidal data 
in the New Zealand Nautical Almanac are 
based, is 3.5 feet above the Dock Sill. 


Tidal Behaviour at Rangitoto. Since it 
was intended to use the tide charts prepared 
by the Auckland tide machine in the calcu- 
lation of submergence and emergence, and 
also because thecorrelation of littoral levelling 
with similar work elsewhere had of necessity 
to be through tide levels, a determination of 
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Fic. 5. Vertical ranges of important organisms. Significance of key letters in figure (reading from left to right): 


Ts Triglochin striatum 
st Stipa teretifolia 

MO Melarhaphe oliveri 
cs Calothrix scopulorum AS 
cB Chamaesipho brunnea GP 
pV Placoma vesiculosa AO 


RH Rhizoclonium hookeri Gs Gracilaria secundata 

BM Bostrychia mixta EP Elminius plicatus 

LP Lichina pygmaea sG Saxostrea glomerata 

SA Salicornia australis HB Hormosira banksii 

CN Catenella nipae vc Vermilia carinifera 

cL Caloglossa leprieurii sA Scytothamnus australis 
R_ Ralfsia sp. st Scytosiphon lomentaria 
EM Elminius modestus cs Colpomenia sinuosa 


cc Chamaesipho columna 


tidal behaviour relative to that at Auckland 
was undertaken at Rangitoto. 

When possible, days of dead calm were 
chosen for tidal readings. The principal sta- 
tion for tidal measurements was the bridge at 
Scoria Flat Inlet, on the southwest shore of 
the island. The times, and heights relative to 
the centre point of the bridge deck, of high 
water under the bridge were accurately de- 
termined on a number of days. No low-water 


MN Modiolus neozelanicus 
EB Enteromorpha bulbosa 
MC Monostroma crepidinum 
Apophlaea sinclairii 
Gelidium pusillum 
Avicennia officinalis 


co Corallina officinalis 


cA Codium adhaerens 

sk Splachnidium rugosum 

MC Mytilus canaliculus 

xc Xiphophora chondrophylla 

AN Aeodes nitidissima 

ct Cystophora torulosa 

ZN Zostera nana 

cM Carpophyllum maschalo- 
carpum 

cF Carpophyllum flexuosum 

GK Glossophora kunthii 

cp Carpophyllum plumosum 

ER Ecklonia radiata 

Pc Pterocladia capillacea 

PL Pterocladia lucida 


readings were possible, inasmuch as the 
Inlet dries out. A reasonable correlation with 
the times and heights of the same tides at 
Auckland was obtained. The vertical distance 
of E.H.W.S.T. below the bridge deck was 
determined, and E.L.W.S.T. placed 12.0 feet 
lower, as at Auckland. This was justified by 
observations of the tidal ranges elsewhere on 
the island. For this purpose tide poles were 
established and the times and heights of high 
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and low water accurately determined. The 
times of high and low water were almost 
identical with those at Auckland, but there 
seems to be a slight local variation in the tide 
range at each place as compared with that at 
Auckland. Full-tide curves made at Rangitoto 
Wharf (south coast) show no irregularities. 
For the comparison of the levellings at the 
various places with the levellings at Scoria 
Flat, E.L.W.S.T. was approximately deter- 
mined on the basis of the tide readings made 
at each place, equality being assumed be- 
tween the Auckland and the local tides. 


——— — MUMBERS OF UPPER LimiTS 
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NUMBER OF LIMITS 
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Fic. 6. Distribution on the shore of upper and lower 
limits of organisms. Total numbers of limits (upper 
plus lower) for each level also shown. 


Principal Tide Levels. The limits 0.00 
feet and 12.00 feet (above AHB Datum), rep- 
resenting E.L.W.S.T. and E.H.W.S.T., are 
never normally exceeded by tidal fall or rise. 

Certain levels for Queen’s Wharf for 1947 
were calculated from the Nautical Almanac 
predictions (in each case the calculated level 
is followed by the average of the actual re- 
corded tides at Queen’s Wharf for the 3 
years 1945-1947, by courtesy of Miss U. V. 
Dellow). These levels are: E.H.W.S.T., 11.90 
feet (11.95 feet); M.H.W.S.T., 11.01 feet 
(11.41 feet); M.H.W.N.T., 9.22 feet (9.28 
feet); M.L.W.N.T., 3.31 feet (3.29 feet); 
M.L.W.S.T., 1.36 feet (1.12 feet); E.L.W.S.T., 
0.60 foot (0.60 foot). 
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The lowest high water recorded is extreme 
(low) high water of neap tides (E.(L.)H.W, 
N.T.), and the highest low water is extreme 
(high) low water of neap tides (E.(H.)L.W. 
N.T.). All levels between these (8.40 feet 
[8.88 feet] and 4.00 feet [3.96 feet], respec- 
tively) are subjected to alternating submer- 
gence and emergence twice in every 24 hours. 
For all levels above E.(L.)H.W.N.T. there is, 
therefore, a varying amount of continuous 
emergence; and similarly, for all levels below 
E.(H.)L.W.N.T., a varying amount of con- 
tinuous submergence. 

The correlation of tidal information with 
critical levels may be given as: 


The critical level 1.5 feet is just above 
M.L.W.S.T. 

The critical level 11.0 feet is just below 
M.H.W.S.T. 

The critical level 3.75 feet lies between 
M.L.W.N.T. and E.(H.)L.W.N.T. 

The critical level 9.3 feet is approximately 
M.H.W.N.T. 

The critical level 8.0 feet is below E.(L.)H. 
W.N.T. 


Significance of Tide Levels. Some of 
these levels appear to represent thresholds. 
For example, E.(L.)H.W.N.T. is the highest 
level of regular, semidiurnal, alternating sub- 
mergence and emergence, while E.(H.)L.W. 
N.T. is the lowest level regularly uncovered 
by the tide. To determine the significance of 
such levels, the tidal factor was analysed with 
respect to submergence-emergence relations 
and to continuous emergence and submer- 
gence. 

The submergence-emergence behaviour of 
the tides at Auckland was determined from 
the tide charts prepared by the instrument at 
Queen’s Wharf. These charts are graphs of 
sea level against time. Calculations were made 
of the relative submergence and emergence 
of the different levels between the extreme 
limits of inundation, expressed in terms of 
the percentage of the total time considered 
during which each 1-foot level was not sub- 
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merged. This was done for a tidal period of 
360 hours (spring to spring) (Fig. 7A). A 
better average is obtained over a lunar month, 
or better, a lunar year (Fig. 7B). 
The probable significance of relative sub- 
PERCENTAGE. EXPOSURE ——-—-— 
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Fic. 7. Percentage emergence (‘percentage ex- 
posure’) for each foot between E.L.W.S.T. and 
E.H.W.S.T. A, for one tidal period (360 hours), Jan., 
1947; B, for one lunar year (1945) (A. E. Beveridge). 
Rate of increase in percentage emergence (‘‘percentage 
exposure’’) also shown in each case. 


mergence and emergence lies in the rate of 
increase of percentage emergence with height 
on the littoral (Fig. 7). This rate of increase 
rises to two peaks, occurring between 3.0 
feet and 4.0 feet and between 9.0 feet and 
10.0 feet. These sharp changes in the rate of 
increase might be the basis of thresholds in 
the vicinity of M.L.W.N.T. (3.31 feet) and of 
M.H.W.N.T. (9.22 feet). 

Calculations were made (from the Nautical 
Almanac predictions) of the periods of con- 
tinuous emergence undergone by each level 
above E.(L.)H.W.N.T. in 1947, and of the 
periods of continuous submergence under- 
gone by each level below E.(H.)L.W.N.T. 

The maximum period appears to be im- 
portant in each case. In the case of emergence, 
it is 1 day at 8.5 feet (through missing a single 
tide). It then rises fairly steadily to 9 days at 
10.0 feet. There is a fairly sharp rise to 23 
days at 10.5 feet and to 43 days at 11.0 feet. 
A great increase in the maximum period of 
emergence then occurs, the time being 132 
days at 11.5 feet. Above M.H.W.S.T., a con- 
dition of permanent emergence is swiftly 
attained. Fairly similar behaviour is associated 
with the periods of continuous submergence. 
Here a fairly steady rise to 25 days at 1.5 feet 
is followed by a sharp rise to 131 days at 1.0 
foot. The 0.5 foot level is permanently sub- 
merged. 

The important point would appear to be 
the meaning given to the mean limits of 
spring tides (defined under ‘“Terminology”’ 
as the limits of the littoral) by the great rises 
in the maximum periods of continuous emer- 
gence and submergence at M.H.W.S.T. and 
M.L.W.S.T., respectively. Here again the 
levels appear to be thresholds. 

The relatively large increase in maximum 
continuous emergence between 10.0 feet and 
11.0 feet may control the upper limits of 
Chamaesipho columna (10.3 feet) and Elminius 
modestus (10.5 feet). 


Behaviour of Hormosira banksii. In each 
of the above cases, it would seem that 
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phenomena associated with tidal inundation 
provide physiological limits to the vertical 
distribution of littoral species. Each change 
in environmental conditions is a barrier which 
cannot be surmounted by certain species, 
either in establishment as young plants or 
animals, or in development. 

Reaction to the causal factors is shown in 
one way by Hormosira banksii. This alga plays 
a prominent part in the littoral ecology of 
Rangitoto because its vertical range is from 
M.L.W.S.T. to E.(L.)H.W.N.T. The young 
plant, or “button,” is found throughout this 
range and up to 1 foot above the upper limit. 

Mature plants show considerable varia- 
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Fic. 8. Loss of weight of Hormosira banksii thalli 
during emergence (“‘exposure’’). Mean percentage loss 
of weight per hour (under identical conditions) of: 
A, numbers of plants of Hormosira banksii from top of 
range; B, main Hormosira consociation; C, Corallina- 
Hormosira association; and D, of special form (see text). 
8A, in laboratory; 8B, in sunlight. 
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bility. The size of the plants, with regard to 
the size of the receptacles (and, to a lesser 
degree, to the number thereof), is propor- 
tional to their height above E.L.W.S.T. (The 
average diameter of the receptacles ranged 
from 1.50 centimetres in plants near the 
upper limit of the species to 0.75 centimetre 
in plants near the lower limit.) Further, the 
thickness of the wall of the receptacle was 
found to be inversely proportional to the 
diameter. (The average thickness of the walls 
ranged from 0.11 centimetre in plants near 
the upper limit of the species to 0.14 centi- 
metre in plants near the lower limit.) Finally, 
the rate of water loss from plants during 
emergence was found to be inversely pro- 
portional to their height on the shore (Fig. 8). 
On the basis of these measurements, the rate 
of water loss is, therefore, inversely propor- 
tional to the volume of the water-filled, hol- 
low interiors of the receptacles. In support of 
this, determinations of the above quantities 
were also made with samples of a special, 
large form of Hormosira (D in Fig. 8), which 
is found back from the shore in those low 
scoria areas where tidal seepage occurs. The 
receptacles of these plants were found to have 
an average diameter of 1.70 centimetres and 
an average wall-thickness of 0.10 centimetre, 
and their rate of water loss was the lowest 
recorded. 

It seems possible, therefore, that the rela- 
tively large vertical range of Hormosira banksii 
depends on a considerable tolerance of dif- 
ferences in submergence-emergence relations 
in the ‘‘button”’ stage, together with morpho- 
logical variation in the adult in relation to the 
degree of desiccation undergone at different 
levels. 


Other Factors . 


In the foregoing section, the fundamental 
nature of zonation as a function of the tidal 
factors has been discussed. The final pattern 
of distribution may be considered as the 
product of the reaction of the basic vertical 
zonation with a set of variables. 





Inter-tidal Zonation — CARNAHAN 


The object of the work classed under this 
section was the determination of these varia- 
bles, partly from detectable variations in the 
vertical levelling and partly in more empirical 
ways. 

The factors sought may be classified rough- 
ly into two groups: the modifying factors, evi- 
denced by variations in vertical distribution; 
and the presence-or-absence factors, as mani- 
fested by differences in transect composition. 


Modifying Factors. Most of the observed 
variations in vertical distribution took the 
form of raised upper limits. There were few 
cases of lowering of lower limits. The 
general basis of the factors inducing the for- 
mer may be the prevention of normal desic- 
cation, and of the latter, the lessening of 
normal submergence. The upper limit of 
Hormosira banksii is raised by as much as 1.0 
foot by prevention of run-off on fairly flat 
scoria shores and in mangrove swamps. Simi- 
larly, seepage induced by the pervious nature 
of the scoria substratum results in the occur- 
rence of Zostera nana, Aeodes nitidissima, the 
kelps, and species of Pterocladia in the lower 
littoral at much higher levels than those de- 
termined by the tidal factors. 

At exposed points, the upper limits of 
some species at the upper boundary of the 
littoral may be raised to considerable heights 
through the influence of spray, while aeration 
may lower the lower limits of some species 
at the lower boundary of the littoral. Me/a- 
rhaphe oliveri, whose normal upper limit is 
E.H.W.S.T., is found on the northern coasts 
on top of the cliffs, 10.0 feet or more above 
theoretical E.H.W.S.T. In exposed places, 
Chamaesipho columna may be found dominant 
down to E.L.W.S.T., more than 2 feet below 
its lower limit, on less exposed shores. This 
may be due to wave-induced aeration or to 
increased light because of the clearer water of 
the outer shores. 

The micro-climates, provided by the topog- 
raphy of the scoria or by actual vegetation, 
present another case of the raising of upper 
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limits by the reduction of exposure-induced 
desiccation. Within clefts in the upper littoral, 
where the relative humidity was determined 
by rough wet-and-dry bulb tests to be about 
25 per cent higher than in the open, the upper 
limits of Catenella nipae and Caloglossa lepri- 
eurii are raised by 0.7 foot. Under Hormosira 
banksii thalli, similar tests show the humidity 
to be about 30 per cent higher than in the 
open. In the Hormosira consociation, the 
subordinate Corallina officinalis occurs up to 
3.0 feet above its normal upper limit, and 
Microdictyon sp. nearly as much. 

In other cases, direct protection from inso- 
lation appears responsible for raising the 
upper limits of species, e.g., Codium adhaerens 
(raised 1.5 feet) and Ecklonia radiata var. 
richardiana (0.75 foot). 


Presence-or-absence Factors. Of the fac- 
tors controlling the presence or absence of 
species at one point, the one best exhibited 
at Rangitoto is relative physical exposure. 
The geography of the island provides a wide 
range of conditions. It would appear that 
physical exposure inhibits the establishment 
of some species, while sheltered conditions, 
and especially the encouragement of sedi- 
mentation, act against other species. 

Xiphophora chondrophylla vat. minus, Carpo- 
phyllum plumosum, Pterocladia lucida, P. capil- 
lacea, Glossophora kunthii, and Chamaesipho 
brunnea occur only under conditions of ex- 
posure, while Hormosira banksii occurs only in 
shelter. Cystophora torulosa, Scytothamnus aus- 
tralis, and Splachnidium rugosum are dominant 
only in exposed places. Conversely, Saxostrea 
glomerata thins out with exposure. Most of 
the other dominants, however, appear in- 
different to the degree of physical exposure. 
Corallina officinalis is reduced to its basal por- 
tion by exposure. 

The nature of the substratum affects the 
presence or absence of species. The sedimen- 
tation induced by shelter results in fasciations 
and seral communities. In the case of the pre- 
dominant rocky shores, the variable nature of 








46 


the basalt is often the indirect basis of other 
environmental variations. The scoria shores, 
the broken surfaces of which provide pockets 
of shelter, are likely to show a mosaic of 
climax and seral communities. 

General texture may be involved (Fig. 3). 
An unbroken surface favours Saxostrea glomer- 
ata. At lower levels, an unbroken surface 
favours Codium adhaerens and a broken one the 
Corallina-Hormosira association. The Carpo- 
phyllum-Ecklonia association requires a solid 
substrate for the attachment of the large 
dominants. Boulders on an exposed shore 
appear to favour a zonation of Scytothamnus 
australis, Splachnidium rugosum, and Glosso- 
phora kunthii. 

Physical exposure appears to be reduced by 
a flat shore so that a habitat, such as the top 
of a lava flow, results in the development of 
the Hormosira banksii consociation, while 
Saxostrea glomerata occurs on slopes. Further, 
Codium adhaerens tends to dominate on ver- 
tical surfaces (Fig. 3), while Corallina officinalis 
and Hormosira banksii are best developed on 
flatter shores. Again, vertical surfaces in the 
upper sublittoral bear Mytilus canaliculus, 
tunicates, and some Eck/onia in place of the 
usual Carpophyllum-Ecklonia association. 

Finally, differences in shade tolerance pro- 
duce some variations. Carpophyllum maschalo- 
carpum is reduced in shade, while Eck/onia is 
more tolerant. In the shade of the kelps, 
Corallina officinalis is reduced to its basal fila- 
ments, while Aeodes nitidissima is eliminated. 
Codium adhaerens is favoured by shade to the 
extent of frequent dominance in the levels of 
the Corallina-Hormosira association on the 
southern sides of rocks. It is probable that 
the discoloration of sheltered waters by sedi- 
ment in suspension, with subsequent light 
reduction, operates in excluding at least some 
of the species associated with physical ex- 
posure. 


Tidally Controlled Variations. It must be 
noted that not only seasonal climatic con- 
ditions but also seasonal variations in tidal 
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behaviour may be responsible for the fluctua- 
tions of some species. Thus the occurrence 
in the autumn of the maximum periods of 
continuous submergence of the lower littoral 
levels for the year may have been responsible 
for the establishment of Co/pomenia sinuosa and 
the disappearance of Splachnidium rugosum in 
that season. Similarly, the spring maximum of 
the Enteromorpha bulbosa—~Monostroma crepid- 
inum aspect might be associated with the fact 
that the maximum periods for the year of 
continuous emergence in the upper littoral 
occurred at that time. 


SUMMARY 


An attempt has been made to classify the 
communities of inter-tidal plants and animals 
at Rangitoto Island. The climax communities 
appear to fit into the general, basic, rocky- 
shore zonation for New Zealand. 

The causal factors in vertical zonation at 
Rangitoto, namely, those determining the 
upper and lower limits of species, have been 
related to tidal phenomena. Attention has 
been given to the behaviour relative to tide 
levels of Hormosira banksii. The variables, 
which produce variations in the vertical limits 
of species and in species composition, have 
been sought in environmental factors other 
than tidal. 
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A New Atherinid Fish of the Genus Iso from the Hawaiian Islands’ 


WILLIAM A. GOSLINE? 


Two SPECIES OF ATHERINID FISHES are known 
from the Hawaiian Islands. One is the iao 
(Pranesus insularum*) used as bait by the tuna 
fishermen and known to occur in numbers at 
least from Oahu through the leeward Hawai- 
ian Islands to Midway. The other species 
(Iso hawatiensis) is here described. 

The two Hawaiian atherinids may be dis- 
tinguished readily, for Iso has a deep, sharply 
edged abdomen (Fig. 14) which will separate 
it from not only the iao, but also from any of 
the other small silvery fishes in the region. 


Iso hawaiiensis new species 


Fig. 1a, 5 


HOLOTYPE: U. S. National Museum No. 
152759, 28 mm. in standard length, taken in 
a poison station October 3, 1950, by Gosline 
and class over sand off a rocky point % mile 
west of Makapuu Point, Oahu, Territory of 
Hawaii. This is normally an area of heavy 
surf. 

PARATYPES: University of Hawaii No. 957, 
two specimens 20.0 mm. and 18.5 mm. in 
standard length, taken with the holotype. 

Body very compressed, maximum width 
at shoulder contained 7.1 to 7.4 times in 
standard length. Breast forming keel, sharp- 
edged in cross section (Fig. 14), convex in 
longitudinal outline. Dorsal profile gently 
and more or less evenly convex from above 
eye to second dorsal origin. Snout bluntly 


‘Contribution No. 15, Hawaii Marine Laboratory. 
*Department of Zoology and Entomology, Univer- 
sity of Hawaii. Manuscript received October 23, 1950. 

*For the generic allocation of this species see 
Schultz, 1948: 23. 


rounded. Body tapering between second dor- 
sal and anal. Body depth 3.4-3.7, head length 
3.6-4.3 in standard length. 

Eye diameter 2.1—2.7 in head, somewhat 
greater (in these small specimens) than snout 
or interorbital width. Mouth very oblique, 
forming angle of about 60 degrees with 
horizontal axis. Premaxillaries not protractile, 
attached to head by frenum on the middorsal 
line, not expanded posteriorly, and not bound 
down to mandibles by a membrane between 
the jaws. Maxillaries toothless, slightly con- 
cave in front. Lower jaw deep and bluntly 
rounded, slightly included within upper when 
the mouth is closed. [I am unable to discover 
any teeth even in the largest of these three 
small specimens.] Lips covered with series 
of soft, tooth-shaped papillae. Membranes 
stretched across mouth on inside of each jaw, 
lower membrane larger. Gill openings wide, 
membranes free. Gill rakers long, about 12 in 
number (counted in the holotype only and 
without extracting). Cleft behind first gill 
arch wide, behind second moderate, behind 
third restricted, and behind fourth absent. 
Branchiostegal rays 5-5 in holotype. 

Dorsals IV or V, I 16. First dorsal origi- 
nates very slightly anterior to point midway 
between pelvic and anal origins, its spines all 
very slender and of approximately equal 
length. Second dorsal originates about twice 
as far from caudal base as from tip of snout, 
above base of eighth anal ray. Spine of second 
dorsal about 0.5 the length of the first soft 
ray, preceded by fleshy projection from back. 
Dorsal and anal highest forward, tapering 
sharply to middle of fin, more gradually 


[47 } 








48 


thereafter. Pectorals short and rounded, 
origin of uppermost ray above most posterior 
point on opercle, nearer dorsal outline than 
to upper edge of silvery lateral band. 

Distance from snout to ventrals contained 
about 1.6 times in ventral—caudal distance. 
Vent near but not quite at the origin of the 
anal, preceded on the ventral midline by 
about four pairs of body scales. 

Scales cycloid, ovoid on sides, absent from 
head and front of body. About 38 scales or 
scale pockets in a longitudinal series on the 
holotype; scales lacking on paratypes. 

Color in alcohol whitish except for silvery 
eye, cheek, occipital region, and lateral band. 
Lateral band broadest about under origin of 
second dorsal, slightly less than an eye diam- 
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eter in width (in these small specimens). Silvery 
lateral band disappears about midway along 
caudal peduncle, reappearing again as a 
rather indefinite, irregular silvery spot just 
before caudal base. In life this fish is bril- 
liantly silvery. [It is my impression that the 
silvery reflections came from the whole fish 
and not merely from the regions that retain 
the silver coloration in alcohol.] 





Fic. 1. Holotype of Iso hawaiiensis. a, Lateral aspect; 
b, cross section through the deepest part of body. 


TABLE 1 


MEASUREMENTS* AND COUNTS ON Is0 Aawaiiensis 








CHARACTER HOLOTYPE PARATYPES 
Total length...... a 34.2 mm. 24.0 mm. 22.5 mm. 
Standard length........ 28.0 mm. 20.0 mm. 18.5 mm. 
Snout to first dorsal .... 538 490 508 
Snout to second dorsal ..... 693 | 661 703 
Length of first dorsal base. . . 54 60 59 
Between dorsals................. 143 110 97 
Length of second dorsal base ... 193 235 249 
NN ro cic Victasecannuses eed 438 415 379 
Snout to anus........ 636 570 535 
ee 36 45 49 
Length of anal base........ 239 275 276 
Length of caudal peduncle. . . 175 160 168 
Depth of caudal peduncle... . 86 90 97 
Depth of body........ 293 295 270 
Width of body..... 136 140 141 
Head length...... 275 235 : 243 
Upper jaw length 104 110 114 
Snout length. 93 80 86 
Eye diameter...... 100 105 114 
Width of interorbital 86 90 103 
Length of first dorsal spine 82 75 81 
Length of longest anal ray.. 118 105 108 
Length of pectoral.... ; 168 165 178 
Length of ventral. ..... oe 121 115 108 
Greatest width of silvery band 79 85 76 
Number of pectoral rays 13 12 13 
Number of caudal rays. I-15-I I-15-I I-15-I 
Number of first dorsal spines .. . IV V V 
Number of second dorsal rays . I, 16 I, 16 I, 16 
Number of anal rays............... 2 I, 20 I, 24 


* All measurements, except standard and total length, given in thousandths of the standard length. 











A New Atherinid Fish — GOSLINE 


Iso hawaiiensis belongs to the small and 
aberrant atherine subfamily Notocheirinae 
(Schultz, 1950: 150). Schultz (1948: 5) divides 
this subfamily into three genera. Of these 
Notocheirus, based on two specimens from 
Chile, is certainly distinct. However, Schultz’s 
other two genera—Iso and Tropidostethops— 
are so closely related that I can find no 
morphological or philosophical grounds for 
separating them. The only distinguishing 
character Schultz (1948) gives is the con- 
figuration of the silvery lateral band quoted 
in section 1 of the key given below. This 
difference hardly seems of generic value; if 
other more significant differences exist, they 
are not stated in the literature. Furthermore, 
Jordan and Hubbs, in an earlier revision of 
the Atherinidae (1919: 47), have compared 
the genotypes of Iso and Tropidostethops and 
consider them to be congeneric. This is par- 
ticularly significant as Jordan and Hubbs 
split the atherine genera rather finely (they 
divide 149 species and subspecies between 
38 genera, giving an average of 3.9 species 
and subspecies per genus). Smith (1949: 324), 
writing subsequently to Schultz, also fails 
(by inference) to recognize these two genera. 

If both genera are recognized, Iso becomes 
monotypic, and Tropidostethops would con- 
tain four known species. Even the geographic 
distribution of such genera would not be 
significant. Iso would be limited to Japan, 
whereas Tropidostethops would have repre- 
sentatives in southern Africa, India, Aus- 
tralia, and now Hawaii. 

Finally, Schultz’s fine discrimination be- 
tween these two atherinid genera is not con- 
sistent with his own broad interpretation of 
genera in certain other groups, e.g., in eels 
(Schultz and Woods, 1949). 

For the above reasons I consider Tropido- 
stethops, to which Iso hawaiiensis would be as- 
signed if Tropidostethops were considered 
valid, a synonym of Iso. 

In view of the addition of Iso hawaiiensis 
and of the redescription of Iso natalensis by 
Smith (1935: 178, pl. 19, fig. c), Herre’s 
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(1944: 47) key to the species of this genus 
stands in need of revision. It may be re- 
written as follows: 


1. “Silvery lateral band continuous and 
not interrupted. (Japan)’’*........ 
ishigiinbigin wh slink nak pines Iso flos-maris 

“Silvery lateral band fading and inter- 
rupted or narrowly constricted on 
caudal peduncle, then continuing 
and expanding, ending in a promi- 
UE SE GO 8 ins oh vs aesasscass 2 

2. Maxillary with external teeth. Scales in 
a longitudinal series 40-44. (India) 

4 edd Soke Sagi Ancients Iso flos-indicus 

Maxillary without external teeth...... .3 

3. Scales in a longitudinal series about 38; 
teeth apparently absent. (Hawaii). . 
aie ands aati teas aa Iso hawatiensis 

Scales in a longitudinal series more 
than 45; teeth present............... 4 

4. Depth 3.5-4.0 in standard length; 
scales in a longitudinal series about 
49. (Australia)..........1so rhothophilus 

Depth 3.2-3.4 in standard length; 
scales in a longitudinal series about 
74. (South Africa)........ Iso natalensis 


With the addition of Notocheirus hubbsi to 
the above species, the distribution of the 
Notocheirinae—South Africa, India, Aus- 
tralia, Hawaii, and Chile—becomes unique, 
so far as I am aware, among fish groups. 


REFERENCES 


HEerRRE, A. W. 1944. Notes on fishes in the 
zoological museum of Stanford University. 
XVII. New fishes from Johore and India. 
Biol. Soc. Wash., Proc. 57: 45-52. 

JorDaAN, D. S., and C. L. Husss. 1919. A 
monographic review of the family of Atherini- 
dae or silversides. Stanford Univ., Pubs., 
Univ. Ser., Biol. Sci. 87 pp., 12 pls. 

SCHULTZ, L. P. 1948. A revision of six sub- 
families of atherine fishes, with descrip- 
tions of new genera and species. U. S. 


4Quoted from Schultz (1948: 6). 








50 


Natl. Mus., Proc. 98: 1-48, 2 pls., 9 figs. 
1950. Correction for ‘‘A revision of 
six subfamilies of atherine fishes, with de- 
scriptions of new genera and species.” 
Copeia 1950: 150. 

and L. P. Woops. 1949. Keys to the 
genera of echelid eels and the species of 
Muraenichthys of the Pacific, with two new 








PACIFIC SCIENCE, Vol. VI, January, 1952 


species. Wash. Acad. Sci., Jour. 39: 169-174, 
2 figs. 
SMITH, J. L. B. 1935. New and little known 
fishes from South Africa. Albany Mus., Rec. 
4 (2): 169-235, 6 pls., 5 figs. 
1949. The sea fishes of southern Africa. 
550 pp., 103 col. pls., text figs. Central 
News Agency, Cape Town. 























Germination of Seed of Koa Haole (Leucaena glauca (L.) Benth.)' 


ERNEST K. AKAMINE? 


THE DATA IN THIS PAPER attest to the accuracy 
of a statement by the author to the effect that 
untreated seed of koa haole (Leacaena glauca 
(L.) Benth.) may require several years to 
germinate under natural conditions (Aka- 
mine, 1942). The question has been raised as 
to the actual time required for the seed to 
germinate; consequently, germination tests 
were conducted in soil flats in the greenhouse. 
Each test lot consisted of 1,000 seeds, with 
emergence of seedlings as the criterion of 
germination. Weekly germination counts 
were made and sprouted seedlings were re- 
moved from the flats. The soil was kept moist 
throughout the germination period, and op- 
timum conditions for germination were main- 
tained. Seeds that were held for a period of 
time prior to germination were stored at room 
temperature. 

Results, shown in Figure 1, indicate that 
1-month-old seed of one lot germinated more 
than 90 per cent in 1 year, whereas seed of 
similar age, but of another lot, germinated 
only approximately 20 per cent in nearly 4 
years. Germination of the 2-month-old seed 
of one lot differed from that of another lot, 
as did the germination of the 10-month-old 
seed, although not to the extent of the other 
age groups. 

Delayed germination in koa haole seed is 
caused by an impervious seedcoat (“hard” 
seed) (Akamine, 1942). The differences in 





1 Published with the approval of the Director of 
the University of Hawaii Agricultural Experiment 
Station as Technical Paper 215. Manuscript received 
December 15, 1950. 

2Junior Plant Physiologist, University of Hawaii 
Agricultural Experiment Station. 


germination of the various seed lots were 
found to be related to the differences in the 
percentage of hard seeds, i.e., the higher 
the percentage of hard seeds, the lower the 
rate of germination. These seeds, recovered 
from the slow germinating lots at the end of 
the experiment, germinated rapidly when 
scarified with sulfuric acid or nicked with a 
knife. The results indicate that the least dor- 
mant seed requires about 1 year for maximum 
germination, but that the more dormant the 
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Fic. 1. Germination of koa haole seeds of different 
ages and lots. 
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TABLE 1 


GERMI- 


EFFECT OF AGE ON GERMINATION OF KOA HAOLE SEED 











PERCENTAGE GERMINATION OF SEEDS PLANTED 
NATION = om : —— - 
PERIOD 3 DAYS 1 MONTH | 2 MONTHS | 4 MONTHS | 6 MONTHS | 8 MONTHS | 10 MONTHS) 12 MONTHS 
(MONTHS) AFTER AFTER AFTER AFTER AFTER AFTER AFTER AFTER 
HARVEST | HARVEST | HARVEST | HARVEST | HARVEST | HARVEST | HARVEST | HARVEST 
4 50.4 50.2 47.5 79.2 80.5 74.6 73.5 44.0 
8 80.1 86.2 84.1 89.4 86.6 WW 76.9 73.4 
12 89.9 91.2 88.6 90.5 88.3 78.1 82.5 83.0 
16 90.4 91.4 89.4 91.3 89.8 80.8 84.6 84.6 
20 90.9 91.6 90.0 92.2 90.7 81.2 85.0 85.0 
24 91.4 92.0 90.7 92.6 90.9 81.3 85.7 86.4 
28 91.5 92.1 90.9 92.6 91.6 82.5 86.8 87.2 
32 91.6 92.2 91.1 93.0 92.0 83.1 86.9 87.4 
36 92.0 92.6 91.4 93.1 92.0 83.1 87.3 87.6 
40 92.0 92.6 91.4 93.1 92.0 83.2 88.2 89.4 
bh 92.0 92.6 91.5 93.2 92.4 83.8 88.2 89.4 
48 92.0 92.6 91.6 93.4 92.4 83.8 
52 92.3 92.6 91.7 93.4 ‘a 
56 92.3 92.6 


seed the longer the period required for ger- 
mination. 

In a subsequent test, seeds harvested at the 
same time were stored for various periods be- 
fore germinating. The data presented in Table 
1 show that seeds planted 3 days to 6 months 
after harvest required approximately 1 year 
to produce a germination of about 90 per 
cent. Seeds planted 8 to 12 months after 
harvest were delayed in emergence. It appears 
that these seeds will require approximately 4 
years to attain a germination of 90 per cent. 

In a final experiment, the germination of 
old seeds was studied. The percentage ger- 
mination of 17-month-old seed was 60.7, 
66.8, 68.3, and 69.2 at the end of the first, 
second, third, and fourth years, respectively. 
At the end of similar periods, the percentage 





germination of 10-year-old seed was 56.6, 
66.0, 67.6, and 71.7, respectively. 

The data presented show that the time re- 
quired for maximum germination of un- 
treated koa haole seed under optimum con- 
ditions in the soil varied from 1 to 4 or more 
years, depending on the number of hard 
seeds. Prolonged storage under ordinary 
conditions tends to extend the dormant 
period. Koa haole seeds remain viable at 
ordinary storage conditions for as long as 
10 years. 
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Allometric Growth in the Striped Marlin, Makaira mitsukurii, 
from New Zealand’ 


JAMES E. Morrow, JR.’ 


INTRODUCTION 


MEASUREMENTS MADE on 49 striped marlin 
obtained by the Yale-New Zealand Expedi- 
tion, 1948, are the basis for this study. The 
fish were caught on rod and line between 
January 31 and March 3, 1948, near Cape 
Brett, New Zealand. The majority (36) were 
taken in the immediate vicinity of Cape 
Brett, at the mouth of the Bay of Islands, 
while the remaining 13 were caught near the 
Cavalli Islands, about 20 miles to the north- 
west. Thirty of the fish were caught by mem- 
bers of the expedition. For the privilege of 
examining the remaining 19, it is our pleasant 
duty to extend our thanks to the guests of 
Otehei Lodge, Otehei Bay, New Zealand. 
We also wish to thank the proprietors, Mr. 
and Mrs. G. J. Hassall, and their staff for their 
generous co-operation and for the excellent 
working facilities which they furnished us. 

The fish measured in this work ranged be- 
tween 201.9 and 286.5 centimeters in standard 
lengtif. This is, then, an examination of allo- 
metry in adult animals. Ideally, a study of this 
type would include specimens from the 
smallest postlarva to the largest adult, thereby 
providing indices to the growth patterns at 
all ages and showing when and how these 
growth patterns change. Because of the 
methods of capture available to us, however, 
we were unable to do more than examine fish 





'Scientific results of the Yale-New Zealand Expe- 
dition, 1948. 

*Bingham Oceanographic Laboratory, Yale Uni- 
versity, New Haven, Conn. Manuscript received 
December 26, 1950. 


of a size commonly taken on rod and line. 
The world’s record for striped marlin is 409 
centimeters in total length (about 325 cm. in 
standard length), and marlin less than about 
150 centimeters are rarely if ever taken on rod 
and line. Since our specimens range from 
201.9 to 286.5 centimeters in standard length, 
we are thus dealing here neither with the 
largest nor the smallest, but rather with the 
middle portion of the adult size range. 
Studies of allometric growth are applicable 
to a number of broad problems. They may 
help to elucidate the laws governing the 
growth of animals and establish general 
principles of wide application. They may 
provide a clue to the mechanics of raciation, 
speciation, and evolution; changing growth 
patterns, both ontogenetic and phylogenetic, 
are indicators that these phenomena are tak- 
ing place. They may indicate whether or not 
a widely ranging species is homogeneous or 
composed of a number of separate popula- 
tions, information which is often vital to the 
fisheries biologist or conservationist. It was 
with particular reference to this last point that 
the measurements here recorded were made. 
These measurements should be especially 
valuable to workers who gather similar data 
on this species in different parts of the world. 


MATERIALS AND METHODS 


All big-game fish brought in to Otehei Bay 
were weighed on the official scale of the Bay 
of Islands Swordfish and Mako Shark Club 
by G. J. Hassall, weighmaster. Linear meas- 
urements were made by us with a tape 
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graduated to % inch and read to the nearest 
% inch. For convenience in calculating, 
inches were later converted to centimeters and 
pounds to kilograms. These converted mea- 
surements are listed in Table 1. It may be 
added here that measurements made with a 
tape are not completely satisfactory. As a 
result of this experience, we suggest the use 
of large calipers, which can be laid parallel 
to the long axis of the body and the arms of 
which are long enough to encompass the 
greatest depth of the animal. In this way, 
accuracy will be greatly enhanced. 

Throughout this study, use has been made 
of the logarithmic growth equation, Y= 
bX*, or log Y=log b+k log X, where 
Y = length of body part, X= standard length, 
b=initial growth index, k = equilibrium con- 
stant (Huxley, 1932: 4-8; Huxley and Teissier, 
1936: 780). In the use of this equation, k=1 
indicates isometry, with the portion under 
consideration increasing in size at the same 
rate as the standard length. Similarly, k greater 
or less than 1 indicates positive or negative 
allometry, with the body parts increasing at 
a greater or lesser rate than the standard 
length. Note also that the units of the body 
parts are not necessarily equal to the units of 
the standard length, but are related to them 
through a factor represented by the constant 
b. Thus, if X changes by 1 meter and Y 
changes by only 1 centimeter, then k=1.0 
and b=0.01. 

With respect to the length—weight relation- 
ship, it should be noted that weight is equal 
to density times volume. Since volume is the 
resultant of three dimensions, length, breadth 
and depth, the length—weight relationship is 
thus a cubic rather than a linear one. Isometry 
of length and weight, therefore, must be 
indicated by k=3. In the same way as before, 
k greater or less than 3 indicates that weight 
is increasing more or less rapidly than the 
cube of length, and also shows that the three 
linear components of weight do not vary at 
the same rate. 

Each set of measurements was plotted on a 
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double logarithmic scale and regression 
equations were fitted by the method of least 
squares. The significance of deviations from 
isometry was tested by methods outlined by 
Snedecor (1948: 103-168) and Simpson and 
Roe (1939: 186-284). Comparisons of k 
values followed the methods of Snedecor 
(1948: 318-339) and Simpson and Roe 
(1939: 277-280). The standard length was 
always measured along the central axis of the 
body from the tip of the sword to the center 
of the notch on the caudal peduncle. Other 
measurements are described in the appro- 
priate sections. 

There appears to be but little data in the 
literature on allometry in the striped marlin. 
Gregory and Conrad (1939: Table 1) give 
detailed measurements of 17 specimens 
(standard lengths from 250.8 to 284.0 cm.) 
from Cape Brett, N. Z., and nine specimens 
(standard lengths from 203.0 to 286.0 cm.) 
from Mayor Island, N. Z. Shapiro (1938: 
1-20) has examined growth patterns in the 
blue marlin (Makaira nigricans ampla) of the 
Atlantic from 195.0 to 304.0 centimeters in 
standard length. Where appropriate, we have 
compared the patterns shown by our sample 
with the data given by these authors. 


GROWTH PATTERNS 


The Length-Weight Relationship 


In the vast majority of fishes which have 
been examined from this standpoint, the 
equilibrium constant of weight on length is 
approximately 3. However, wide variations 
have been recorded, from as low as 1.4 (Hile, 
1936: 243) to over 3.9 (Shapiro, 1938: 5), in 
various species. Indeed, comparable variations 
are to be found between different populations 
of the same species (e.g., the cisco, Leucich- 
thys artedi, according to Hile, varies approxi- 
mately from 1.4 to 3.7. Although sampling 
errors may often account for a large portion 
of the deviations in this relationship (Mor- 
row, 1951: 20-22), real differences in the 
length—weight relationship undoubtedly in- 
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TABLE 1 
MEASUREMENTS OF STRIPED MARLIN EXAMINED AT OTEHEI BAY, BAy OF ISLANDS, N. Z.* 
a | | | | Pe | | | | 
| wy Z Kz 
| | = Bales! .| | 
& | ke | 2 o= ea | 24 ~ | | <= 
wa 4 | al | 
ao] € | 28/26). | 98/88/26) € | = | Es 
cee | 6 | 68 | 88 | & | 8s | 8s | be] B s | £5 
“greeter: | 934 | 2520 | 616 | 59 | 610 | — | 336 | 43.2 | 1060 | 53.0 
De cieasdands | 98.0 | 255.0 | 689 | — | 578 | 55.9 | 29.9 | 45.7 107.8 | — 
Berio sad | 99.4 | 261.0 | 67.6 | 60 | s78 | 572 | 311 | 442 | 1022 | 52.1 
aa | 1420 | 281.3 | 664 | 7.0 | 628 | 584 | 343 | 514 | 1155 | 53.3 
Pca ceemed | 102.5 | 263.5 | 71.4 | 60 | 62.2 58.4 28.6 | 43.2 107.8 55.6 
ee | 41.3 | 2019 | 521 | 48 | 55.0 | 50.2 | 22.9 | 32.1 79.4 — 
eee | 78.0 | 2478 | 666 | 60 | 616 | 57.8 | 29.2 | 38.7 95.2 | 52.7 
De cadena’ | 112.0 | 261.3 | 666 | 5.7 | 68.9 | 62.6 | 286 | 40.0 | 1044 | 55.9 
eae | 1043 | 253.4 | 65.4 | 63 | 648 | 57.1 | 27.6 | 41.9 | 107.9 | 48.3 
ic scsinnieear | 120.2 | 259.0 | 67.3 | 63 | 648 58.7 298 | — —- 52.1 
ree re eT 103.0 | 262.3 | 67.6 7.0 | 62.9 | 59.7 29.2 | 45.4 113.6 51.7 
"MCR | 93.9 | 2538 | 69.5 | 6.0 | 66.0 | 609 | 273 | 419 | 1040 | 55.9 
eee | 84.4 241.5 | 65.4 | 5.7 | 60.0 | 54.3 27.3 | 42.9 102.8 | 48.9 
| eee | 97.1 | 255.3 | 63.5 63 | 641 | 59.1 28.6 | 42.5 107.9 50.1 
— er | 69.8 | 229.3 | 619 | 5.7 | 60.9 | 54.9 | 25.4 | 38.1 91.4 | 54.6 
a | 94.3 | 237.2 | 65.1 6.0 | 60.6 54.3 26.4 | 44.4 105.4 | 48.6 
_ Serre 136.1 | 286.5 | 74.3 | 7.0 | 69.2 | 66.0 33.0 | 50.5 118.1 55.2 
ee 122.5 | 279.0 | 71.1 | 6.7 — | 64.1 33.7 | 47.0 — | 578 
a 117.0 | 255.1 | 628 | 7.0 | 584 | 57.2 31.7 | 45.7 -— 59.7 
Se 88.0 | 257.2 | 69.2 | 63 | 66.0 | 63.5 | 30.2 | 38.7 54.0 
een | 82.6 | 255.2 | 68.6 | 6.0 | 61.0 | 56.5 | 27.9 | 37.5 97.2 50.2 
crucgvadd | — | 2309 | 603 | 63 | 60.3 54.0 | 27.9 | 42.5 102.6 | 49.5 
Se 131.1 262.9 | 67.0 | 67 | 66.0 | 59.7 | 334 | 48.2 | 119.4 57.8 
ES | 88.0 256.8 | 708 | 6.0 | 648 | 591 | 27.9 | 41.9 100.3 57.2 
a | 83.5 | 251.4 | 698 | 63 | 59.7 | 509 | 286 | —- | —— | 495 
EE 128.4 | 2700 | 6.6 | 70 | — | — | 311 | — — | 616 
inicsccouss | 943 | 268.5 | 69.2 | 60 | 641 | 584 | 305 | 43.2 | 1041 | 57.2 
bess dv cnsiae | 108.0 | 273.7 | 72.4 | 7.0 | 63.5 | 59.0 30.2 | 45.7 | 106.6 57.5 
Tie siinnnceans | 93.4 | 263.0 | 75.8 | 6.0 | 66.0 | 61.3 | 29.2 | 44.1 | 104.7 | 60.3 
ae 76.7 240.0 | 63.2 | 5.7 | 62.2 | 55.2 | 273 | 400 | 95.2 | 49.8 
|: SEN err e 109.3 261.5 | 70.8 | 6.0 | 67.3 | 64.1 30.5 | 46.1 | 112.4 55.8 
_ 123.4 272.4 | 72.0 | 6.7 | 67.0 | 60.9 | 30.2 45.7 | 116.1 | 54.2 
: er 93.9 256.2 | 666 | 63 65.1 | 60.0 | 29.8 43.5 | 105.3 | 52.7 
. eee 89.4 247.6 | 648 | 6.0 65.7 58.8 | 26.7 43.8 | 104.7 | 53.3 
RR 104.3 261.0 | 68.9 | 5.7 | 68.9 | 63.8 29.8 | 45.7 | 109.1 | 61.6 
a 73.0 | 243.9 | 67.9 | 63 | 64.1 | 59.7 | 28.3 | 391 | 93.9 | 53.3 
eee 102.1 270.0 | 69.2 | 73 63.5 36.1 | 31.1 -] 44.8 107.2 54.6 
__ rere. 97.1 263.1 71.1 6.3 | 666 | 61.6 30.2 | 44.4 | 107.2 57.5 
Sree 129.3 | 275.1 | 689 | 67 | 698 64.8 | 31.7 | 48.6 116.1 | 59.0 
nN 135.2 | 283.9 | 71.7 | 70 | 698 | 60.0 | 333 | 489 | 115.1 | 57.8 
__ RES: 139.7 | 282.0 | 76.2 | 67 | 71.1 64.1 | 31.5 49.5 | 120.6 | 60.3 
__ SR 152.4 266.0 | 61.9 | 6.7 | 708 | 648 32.4 | 49.9 | 119.3 59.7 
___ SRP Rae 105.7 | 2705 | 686 | 67 | 63.5 | 57.2 29.5 | 41.9 | 104.0 53.3 
_ ee 102.5 | 2588 | 67.3 | 63 | 61.9 | 57.2 | 279 | 42.5 | 107.2 51.4 
“eee 111.6 | 2493 | 556 | 63 | 648 | 591 | 298 | 45.7 | 107.8 | 53.3 
ce icences | 97.5 | 2338 | 41.3 | 67 | 648 | 616 | 304 | 444 | 1085 | 51.4 
__ | 98.0 | 265.5 | 69.2 | 63 | 641 | 60.0 | 298 | 43.2 | 106.6 | 55.2 
_ ey | 821 | 266.7 | 622 | 63 | 628 | 565 | 27.9 | 42.2 | 100.3 52.4 
Pivexisessees | 102.5 | 257.9 | 63.5 | 60 | 584 | 55.9 | 29.6 | 43.8 | 106.6 | 52.7 
*Weight in kilograms, other measurements in centimeters. 
4 
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dicate different growth patterns, either be- 
tween species or at different times or in 
different populations of the same species. 

The sample of striped marlin considered 
here has a length-weight equilibrium con- 
stant of 3.009. However, the standard error 
of k, s, is 0.307, indicating the possibility of 
rather wide random variations in k which 
would not be significant. Shapiro (1938: 5) 
reported the equilibrium constant of weight 
on length for the Atlantic blue marlin as 3.93 
for a sample of 23 specimens. The difference 
is quite reasonable, for the blue marlin is a 
much deeper-bodied fish. It is probable that 
the Pacific black marlin (Makaira nigricans 
marlina) might have an even higher constant. 
The white marlin (Makaira albida) seems to 
be a very slim fish and ought to have a con- 
siderably lower constant in its length-weight 
equation. 


Linear Measurements 


Statistics of the logarithmic regressions of 
the various linear measurements are given in 
Table 2. Significant departures from isometry 
were found in only two of these measure- 
ments, although two others, pectoral length 
on standard length and dorsal fluke of the 
tail on ventral fluke, approach a significant 
level. It is possible that examination of larger 
samples might show the allometry of these 
dimensions to be significant. 

The length of the sword, from the tip to 
the anterior margin of the eye, maintains an 
isometric relationship to the standard length. 
The data published by Gregory and Conrad 
(Joc. cit.) give values of k of 0.816 for 17 fish 
from Cape Brett and 0.889 for 9 fish from 
Mayor Island. Shapiro (1938: 15) gives k= 
0.88 for the sword of the blue marlin. None 
of these figures represent a significant de- 
parture from isometry. This is somewhat 
surprising, for it is popularly assumed that 
the sword tends to become relatively shorter 
with increased overall length. 

The anterior—posterior diameter of the eye 
shows a very slight degree of negative allo- 
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0.216 
0.130 
0.110 
0.139 
| 0.071 





0.929 | 0.121 
| 0.707 | 0.153 
| 0.843 


| 


KT 

1.007 

0.858 
0.554 | 0.111 
0.611 
0.929 | 0.139 
0.998 





- 


S(LoG Y * LOG x) 
0.041 
0.025 
0.020 
0.021 
0.027 
0.026 
0.022 
0.024 
0.012 


er ee ee al 


S(Loc X * LOG Y)* 
0.036704 
0.030529 
0.018744 
0.021378 
0.033859 
0.034926 
0.031298 
0.016959 
0.025845 


as 








S(Loc y)?* 





0.033822 | 0.029052 
0.035004 | 0.032039 
0.036458 | 0.064622 
0.034979 | 0.064699 

| 0.033704 | 0.049169 | 


0.023977 | 0.037343 | 
0.030645 | 0.028653 | 


TABLE 2 
STATISTICS OF THE LOGARITHMIC REGRESSIONS OF LINEAR MEASUREMENTS ON STRIPED MARLIN FROM NEW ZEALAND 
| 

MEAN |S wal 
25 ¥ | (LOG x) 
0.799 | 0.035588 | 
1.805 

1.471 

1.640 

2.025 

1.735 

1.805 


| 
| 


2.410 | 


| 


2.410 | 





MEAN 
LOG X 
2.411 
2.411 
2.411 
2.413 
1.769 





47 | 2.411 | 1.770 


N 
4G | 
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Growth in Striped Marlin — Morrow 


metry, but again this is not significant. The 
measurements made by Gregory and Conrad 
also do not indicate significant allometry in 
the eye. 

It was not possible to measure the distance 
between the posterior edge of the eye and the 
pectoral base along the mid-line of the body 
with reasonable accuracy, so this measure- 
ment was made directly between the eye and 
the anterior margin of the pectoral base. This 
distance is distinctly isometric. Even though 
this is a slanted measurement, it is close 
enough to the mid-line so that, in combina- 
tion with the isometry of the sword length, 
it suggests that the relative length of the head 
also remains constant. 

When the length-weight relationship is 
isometric, as in the present example, the same 
condition is to be expected in depth and 
girth, for these two dimensions may be con- 
sidered as linear components of weight. One 
of the more obvious differences in body form 
between the striped marlin and the blue and 
black marlins is illustrated more simply by 
the isometry of these measurements than by 
the length-weight relationship. In the striped 
marlin, the equilibrium constants for depth 
and girth are 0.998 and 0.929, respectively. 
Shapiro (1938: 7) reports k=1.45 for depth 
of body in the blue marlin. We have found 
no data on the black marlin, but Nichols and 
LaMonte (1941: 8) describe this species as 
“Heavier at larger sizes . . .,"” which certainly 
suggests positive allometry in depth and 
girth. Thus, the greater depth of the body in 
the blue and black marlins is reflected in the 
higher equilibrium constants. 

The length of the longest ray of the pec- 
toral fin shows slight negative allometry, with 
k=0.707, P=0.065. This slight negative 
allometry is not shared by either of the 
samples examined by Gregory and Conrad. 

The two flukes of the caudal fin were 
measured along their slant lengths from the 
anterior end of the corresponding peduncular 
keel to the tip of the longest ray. The tail is 
distinctly epibatic. The dorsal fluke is always 
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slightly longer than the ventral, although 
there is a tendency in these adult animals for 
the tail to become more nearly symmetrical 
with greater size. Comparison of the two 
flukes shows that the dorsal fluke is nega- 
tively allometric with respect to the ventral 
fluke, with k=0.843, s,=0.071, P<0.05. 
Thus, the rate of growth of the dorsal fluke 
relative to the rate of growth of the ventral 
fluke decreases as the gross size of the flukes 
increases. 

With respect to the standard length, both 
the dorsal and ventral moieties of the caudal 
fin exhibit highly significant degrees of 
negative allometry in this sample. For the 
dorsal fluke, k=0.554, for the ventral fluke, 
k=0.611. Both these values represent de- 
partures from isometry which are significant 
at P<0.001. Thus, the rate of growth of the 
tail relative to the rate of growth of the fish 
as a whole tends to decrease rapidly with 
greater size in adult animals. 

It is interesting to compare these data on 
the tail with those derived from the measure- 
ments published by Gregory and Conrad 
(loc. cit.). Their group of 17 specimens from 
Cape Brett shows negative allometry in the 
lengths of the caudal flukes quite comparable 
to that reported here for fish from the same 
area. 

By contrast, their sample of nine fish from 
Mayor Island, some 175 miles to the south- 
east, exhibits positive allometry in both 
the dorsal and ventral flukes, although this 
allometry is of a low order of significance 
(P=0.09 for the dorsal flukes and 0.04 for 
the ventral flukes). Nevertheless, there ap- 
pears to be a real difference between the two 
geographical groups as shown by a com- 
parison of the k values for the nine fish from 
Mayor Island and those of the 47 fish of the 
present sample from the vicinity of Cape 
Brett (P<0.001). 

This suggests that the fish from Mayor 
Island and those from Cape Brett may repre- 
sent separate populations. However, this sug- 
gestion is put forward most cautiously, for 
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the growth patterns of the tail flukes are the 
only sets of measurements in which signi- 
ficant differences have been found to exist 
between the two groups. 


SUMMARY 


Application of the equation Y=bX* to 
measurements of 9 different body dimensions 
in a sample of 49 adult striped marlin from 
the region of Cape Brett, New Zealand, has 
shown that, in general, growth in these fish 
is isometric, with the standard length of the 
body. Slight but not statistically significant 
negative allometry was found in the length 
of the longest ray of the pectoral fin. Signi- 
ficant negative allometry was found in the 
dorsal and ventral flukes of the caudal fin. A 
significant difference in the growth pattern of 
the tail was found to exist between the sample 
reported here and a sample of nine fish of 
similar size from Mayor Island, New Zealand, 
examined by Gregory and Conrad. It is 
suggested that these two samples may repre- 
sent separate populations. 
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Variation in the Vertebral Number of the Anchovy 
(Stolephorus purpureus) in Hawaiian Waters’ 


ALBERT L. TESTER AND ROBERT W. HIATT? 


A STUDY OF VARIATION in vertebral number 
of the nehu, Stolephorus purpureus Fowler, 
from various localities throughout the Ter- 
ritory of Hawaii, has been undertaken in 
an effort to determine whether one or several 
populations of this small but valuable bait- 
fish exist. Large quantities of nehu are caught 
each year on several different baiting grounds 
and are used in livebait fishing for the aku or 
skipjack. A recent scarcity of bait in some 
areas has posed the question of whether the 
stock is being overfished. Therefore, knowl- 
edge of whether each baiting area supports a 
separate population is of practical importance 
as well as of academic interest. 


METHODS 
Sampling 


The study is based on 18 samples taken 
mostly from the commercial catch. Although 
efforts were made to secure random samples, 
some of those submitted by the fishermen 
may include a disproportionate number of 
smaller specimens, if, as is likely, they furn- 
ished fish which died in their baitwells. How- 
ever, this would not influence the conclusions 
which have been drawn. 

Some of the samples were taken from 
catches made at night by night-light nets; 
others were taken from catches made in the 
daytime by surround nets. These methods of 
fishing have been described by June (1951). 


1Contribution No. 14, Hawaii Marine Laboratory. 
*Department of Zoology and Entomology, Uni- 
versity of Hawaii. Manuscript received October 9, 1950. 


Seven different localities are represented: 
Ala Wai Canal, Honolulu Harbor, Pearl Har- 
bor, and Kaneohe Bay on the island of Oahu; 
Kihei on the island of Maui; and Hilo Har- 
bor and Kawaihae Bay on the island of 
Hawaii (Fig. 1). Unfortunately no samples 
were obtained from other important baiting 
grounds on the islands of Kauai and Molokai. 

The samples were collected as occasion 
permitted over a period of years, from 1944 
to 1949. There was no particular pattern as to 
time of collection or number examined. All 
samples were preserved in approximately 10 
per cent formaldehyde. 


Preparation of Vertebral Columns 


Two methods of preparing the vertebral 
columns for counting were used, the “photo- 
graphic” and the “direct.” In the photo- 
graphic method the fish were subjected to the 
following procedure (a modified Spalteholz- 
type preparation): 

(1) Wash in running water for 3 hours; or 
let stand in still water for 5 hours, changing 
the water every hour. 

(2) Remove viscera, scales, and, in larger 
specimens, gills. 

(3) Bleach for 1 to 3 hours in 3 per cent 
hydrogen peroxide until lateral line and peri- 
toneum are clear. 

(4) Wash for 1 hour in running water. 

(5) Place in 1 per cent potassium hydrox- 
ide for a half hour and aspirate with water- 
vacuum pump to remove air bubbles from 
fish. 


[59] 
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Fic. 1. Map of the Hawaiian Islands showing the localities sampled. 


(6) Place in 4 per cent potassium hydrox- 
ide for 4 to 6 hours, until vertebrae can be 
seen Clearly. 

(7) Place in alizarin staining solution (see 
below), stain for 10 hours, then turn the fish 
over and stain the other side for 5 to 10 hours. 

(8) Place, successively, in a series of 4 per 
cent potassium hydroxide-glycerin solutions 
(90:10; 80:20; 60:40; 20:80; 0:100), each for 
12 hours; if a solution turns dark red-blue, 
repeat that particular solution. 

(9) Preserve in 100 per cent glycerin, 
adding two or three small crystals of thymol 
to prevent the growth of molds; all parts of 
the fish, except the bones, are now trans- 
parent. 

(10) Place the fish in a container filled with 
glycerin and, using a standard Kodak en- 
larger, project the image on photographic 
paper, expose, and develop (Fig. 2); several 
fish may be photographed simultaneously. 

(11) Using the photograph, count the 
number of vertebrae. 


In the direct method, the fish were pre- 
pared in the following manner: 

(1) Wash in running water for 1 to 3 
hours. 

(2) Using a scalpel, slice the flesh from 
the caudal peduncle to the head on the left 
side of the fish, cutting to, but not into, the 
column; using scissors, snip the flap of flesh 
diagonally across the head, thus exposing the 
base of the skull and the first vertebra; using 
scalpel, scrape the remaining flesh from the 
column on the left side of the fish and remove 
viscera from body cavity. 

(3) Place the fish in staining solution for 
4 hours. 

(4) Transfer to water or to 5 per cent 
formaldehyde solution; some de-staining will 
occur. 

(5) Count the vertebrae under the low- 
power binocular microscope, using a pointer 
(eyelash hair) in the ocular as a reference 
point. 

A stock solution of stain was made by dis- 
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Fic. 2. Vertebral column prepared by the “photographic” method. Note the anterior (A) and posterior (B) 
end points in counting. 


solving 1 gram of Alizarine Red S. in 500 
milliliters of 3 per cent potassium hydroxide 
solution. The staining solution consisted of 
10 milliliters of the stock solution added to 
100 milliliters of 3 per cent potassium hy- 
droxide. 

In counting the vertebrae, both end points 
were clearly defined. The first vertebra was 
readily identified by its high spine with a 
small triangle of cartilage both anterior and 
posterior to it. The last vertebra was identified 
as the one immediately anterior to the up- 
turned, segmented urostyle. These end points 
may be seen in Figure 2. Thus the count, 
which was checked at least once for each fish, 
included neither the basioccipital nor the uro- 
style. 

Both methods of preparation were satis- 
factory. However, the first method was time 
consuming, and in several cases it was diffi- 
cult to get the column in clear focus along 
its entire length for photographing. The 
second method is recommended. With its 
use, a small number of vertebral columns with 
abnormal centra (6 cases out of 851) were 
detected, and the counts on these abnormal 
specimens were discarded. 


Length Measurements 


Length measurements were made on all 
samples, but in one from Kaneohe Bay 
(10/25/47), they were not identified with 
vertebral number. Standard length is defined 
as the distance (measured to the nearest milli- 
meter) from the tip of the upper jaw to the 
posterior edge of the hypural plates. In speci- 


mens which were photographed, the length 
was determined with dividers and was 
measured on a scale which was photographed 
with the fish. For specimens in which the 
vertebrae were counted under the micro- 
scope, the length was measured directly with 
vernier callipers. 


RESULTS 


In a sample from Kaneohe Bay (10/25/47) 
in which the sexes were segregated, the mean 
vertebral number for 76 males was 42.618 and 
for 76 females, 42.645. The difference of 
0.027 had a standard error of 0.095. A dif- 
ference of this magnitude could arise readily 
from chance variation. It was concluded that 
sex need not be considered as a source of 
variation in mean vertebral number. This 
conclusion is in accord with those found by 
most workers in other species, e.g., Tester 
(1937) in Pacific herring (Clapea pallasii) and 
Blackburn (1950) in the Australian anchovy 
(Engraulis australis), but it is in contrast with 
that found by Hart (1937) for the Pacific 
capelin (Madlotus villosus). 

In the Pacific herring (McHugh, 1942), 
there is a tendency for the mean vertebral 
number to be higher in larger fish, a pheno- 
menon which is presumed to be related to 
hereditary differences in the developmental 
rate of individuals. To investigate this possi- 
bility in the nehu, the fish of each sample were 
grouped in 3-millimeter-length categories and 
the mean count for each was determined. The 
results, for length categories including 10 or 
more fish, are shown in Table 1 and Figure 
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3A. In the figure, the mean count of each 
length group is plotted as a deviation from 
the mean count of the sample. 

It will be noted from Figure 3A that, in 
some samples, mean vertebral number tends 
to increase with length, in others it tends to 
decrease, and in still others it shows no ap- 
parent relationship. Using the original un- 
grouped data it was found that either positive 
or negative regressions of vertebral number 
on length could be statistically significant. 
For example, in a sample from Ala Wai Canal 
(5/22/44) the positive regression coefficient 
of 0.0222 over all lengths had a standard 
error of 0.00863 and differed significantly 
from zero (P=0.02). Also, in a sample from 
Honolulu Harbor (3/3/49) the negative re- 
gression coefficient of —0.0355 over length 
groups 24 to 40 millimeters (Fig. 3A) had a 
standard error of 0.0162 and differed sig- 
nificantly from zero (P=0.04). 

Before attempting to interpret the above 
results, it should be pointed out that the 
spawning period of the nehu in those locali- 
ties which have been investigated (Ala Wai 
Canal and Kaneohe Bay) extends throughout 
the entire year. Moreover, the period be- 
tween fertilization and hatching of the egg is 
very short—24 hours or less. 

If, as in many other plastic species, verte- 
bral number is influenced by environmental 
conditions obtaining during the time of em- 
bryonic and early larval development, varia- 
tion in environmental conditions from day 
to day might produce variation in the mean 
vertebral number of successive day-broods. 
In some species, e.g., herring—C/upea pal- 
lasii (Tester, 1938)—there seems to be an 
inverse relationship between mean vertebral 
number and water temperature during the 
period of early development, low mean 
counts being associated with high tempera- 
tures, and vice versa. In others, e.g., the 
Pacific anchovy—Engraulis mordax (Hubbs, 
1925)—there seems to be a direct relation- 
ship between mean vertebral number and 
salinity, the low mean counts being associ- 
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Fic. 3. A, Variation in mean vertebral count with 
length; B, length frequency distributions of the samples. 


ated with less saline, brackish water condi- 
tions, and vice versa. Therefore, in the nehu, 
upward or downward trends in temperature 
or salinity, extending over a period of days or 
weeks, might produce downward or upward 
trends in mean vertebral number within the 
length range of a sample, thus explaining the 
occurrence of both positive and negative re- 
gressions. It is not necessary to postulate an 
inherited tendency for fast-growing, larger 
individuals of one brood to have a higher 
count than slow-growing, smaller individuals 
of the same brood, although the tendency 
may still exist. 

The length frequency distributions of the 
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VERTEBRAL COUNTS OF NEHU, WITH MEANS ACCORDING TO LENGTH GROUPS (10 OR MORE SPECIMENS, ONLY) 
AND SAMPLES (ALL SPECIMENS) 


TABLE 1 
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Ala Wai Canal, Oahu 
3/12/44 


Ala Wai Canal, Oahu 
5/22/44 


Ala Wai Canal, Oahu 
10/25/46 


Ala Wai Canal, Oahu 
6/16/47 


12/27/48 


3/3/49 


7/18/49 


Pearl Harbor, Oahu 
7/30/47 













| MEAN FOR 
LOCALITY AND DATE LENGTH COUNTS OF TOTAL | LENGTH ENTIRE 
| Group | 40 41 42 43 44 | NUMBER | GROUP SAMPLE 
l | 
|} 39 | 41 7 3 - - 11 | 41.182 
| 42 | 2 4 19 - - 35 | 41.486 
| 45 | 2 4 18 1 - | 35 41.514 
| 48 | - 3 7 1 - | iu 41.818 
| All | 5 4 so 2 -'4| 100 = 
39 2 14 3 2 - | 21 | 41.238 
> is @ ww & - | 6 41.286 
45 | 2 21 40 1 - 64 41.625 
48 | 2 9 13 1 ~ 25 41.520 
| 51 | = 4 12 1 - | 17 41.824 
54 | 1 3 6 3 - | 13 41.846 
| All | 13 106 110 12 - | 241 — 
27 | - 12 2 3 1 #2 41.743 
30 =| 1 #15 34 2 - | 382 41.712 
33 | 1 9 11 1 - 22 | 41.545 
| 
| All | 3 37 6 7 - 13 | — 
| 36 | ; = « 19 | 41.474 
ae ee 9 1 - | 20 | 41.550 
| All | 2 22 = 24 1 - | 49 — 
Honolulu Harbor, Oahu 
| 33 | = 1 7 2 - | 10 42.100 
| 42 | - - 3 . - | a | 42.727 
| 45 - 1 9 5 - | 1s 42.267 
48 } = - 12 6 1 | 19 | 42.421 
| sCi<“i |e - 8 7 - | 15 | 42.467 
| | 
| All - 2 354 31 - 88 | 
Honolulu Harbor, Oahu 
27 - - 1 11 2 14 | 43.071 
ee ee ee ee: ee 35 | 42.857 
| 33 | - - 4 10 2 | 16 | 42.875 
| = la w= 3» © «1 gs | 2/7 
| 
| Al | - 1 2% 74 +7 '| 108 
Honolulu Harbor, Oahu | 
| 4 0C<‘<( 1 . 7 - 16 42.375 
_ a. a. 1 9 7 17 42.353 
| 60 | - - 6 9 =| 135 42.600 
) al | - 8 4 50 3 107 
| | 
33 ~ - 10 2 - 12 42,167 
| 36 «| Ce 3 26 9 - 38 42.158 
39 | - 4 9 5 - | 18 42.055 
| Al | - 7 S2 2% -| 8 j 
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TABLE 1 (cont'd) . 
NUMBER OF FISH WITH MEAN FOR 7 
LOCALITY AND DATE LENGTH COUNTS OF TOTAL LENGTH _ ENTIRE 
GROUP 40 4l 42 43 44 NUMBER GROUP SAMPLE 
Pearl Harbor, Oahu kK 
12/9/49 39 ~ 1 30 28 3 62 42.532 
42 - 1 16 13 - 30 42.400 
All - 2 57 50 4 113 — 42.496 
Kaneohe Bay, Oahu 
10/25/47 All - 12 262 335 16 625 — 42.568 
Kaneohe Bay, Oahu k 
3/10/48 30 - - 7 11 - 18 42.611 
33 - 2 27 80 7 116 42.793 
36 ~ 1 18 38 3 60 42.717 
39 - - 10 19 1 30 42.700 
42 - - 5 6 2 13 42.231 
All - 3 68 159 14 244 — 42.754 
Kaneohe Bay, Oahu 
3/17/48 33 - - 3 7 - 10 42.700 
36 - ~ 13 18 2 33 42.667 
39 - - 18 34 4 56 42.750 
42 - 3 13 35 2 53 42.679 
45 - - 17 25 1 43 42.628 
48 - - 7 21 3 31 42.871 
51 - - 3 7 - 10 42.700 | 
All - 3 79 151 13 246 — 42.707 
Kihei, Maui 
8/6/45 33 - - 3 7 - 10 42.700 
36 - - 9 6 1 16 42.500 
39 - - 5 9 1 15 42.733 
42 - - 9 15 - 24 42.625 
45 - - 8 13 1 22 42.682 
48 - - 4 6 1 11 42.727 
All - - 45 65 6 112 — 42.688 
Kihei, Maui 
3/15/48 36 - - 6 7 - 13 | 42.538 
39 - - 13 0 - 23 42.435 
42 - - 17 24 3 44 42.682 
45 - - 23 2 64 42.672 
48 - - 15 22 2 39 42.667 
51 - ~ 4 13 2 19 42.895 
54 - - 2 9 - 11 42.818 
All - ~ 85 134 9 228 — 42.667 
Kihei, Maui 
9/13/48 30 - - 24 36 6 66 42.727 
33 = - 6 11 4 21 42.905 
All - - 33 59 12 104 — 42.798 
Hilo Bay, Hawaii 
8/24/48 24 - 1 6 5 1 13 42.462 
27 = - 54 64 3 | 121 42.579 
30 - 3 41 55 6 105 42.610 
33 - - 13 29 1 43 42.721 
All - 4 117 155 12 288 — 42.608 
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NUMBER OF FISH WITH | | MEAN FOR 
LOCALITY AND DATE LENGTH COUNTS OF | TOTAL | LENGTH ENTIRE 
GROUP | 40 41 42 43 44 | NUMBER | GROUP SAMPLE 
Kawaihae Bay, Hawaii | 
1/29/49 mi- - # #8 25 | 42.560 
36 «| «OC - 9 24 2 35 | 42.800 | 
39 } = ~ 13 18 2 | 33 | 42.667 | 
42 - - 14 6 ga 21 | 42.381 
45 | - - 8 10 2 | 20 | 42.700 | 
} 
| Al | - - 59 77 #9 | 145 | _ | 42.655 
Kawaihae Bay, Hawaii 
3/28/49 33 | - - 12 2 4 | 36 | 42.778 
36 | - & 4 @ sil s | 42.917 
39 - -=- 4 0 2] 16 | 42.875 
| 42 - 1 3 8 38 15 | 42.867 | 
| Al | - 2 2 78 14 /| 123 | — | 42,945 





samples are shown in Figure 3B, the number 
in each length category being represented as 
a percentage of the total number in the sam- 
ple. There is considerable variation between 
samples in both the length range and the 
position of the mode. Two of the samples, 
both from Honolulu Harbor, have at least 
two modes. In the first (12/27/48) the mean 
vertebral number for the smaller modal group 
(less than 39 mm.) is 42.136, and for the 
larger modal group (greater than 39 mm.), 
42.431. The difference of 0.295 has a standard 
error of 0.133 and is significant (P=0.03). 
In the second (7/18/49) the mean of the 
smaller group (less than 45 mm.) is 42.459 
and of the larger group (greater than 45 mm.), 
42.443. In this case, the difference of 0.016 
has a standard error of 0.146 and is not signi- 
ficant. Again, differences such as these, if 
real, might be induced by differences in en- 
vironmental conditions during the period of 
early development. 

In the preceding paragraphs it has been 
shown that variation other than that due to 
chance may occur between length groups 
within samples. Accordingly, more generally 
to assess its significance and to allow for it in 
comparisons between samples, this source of 
variation was included in an analysis of 
variance of the data, considering the sampling 


to have been completely randomized. The 
analysis, limited to length groups containing 
10 or more individuals, is summarized in the 
following tabulation: 











DEGREES 

SOURCE OF OF SUM OF MEAN 
VARIATION FREEDOM SQUARES SQUARE F 
Localities 6 451.2679 75.2113 37.59** 
Samples 10 20.0099 2.0010 4.09** 
Length 

groups 55 26.8984 0.4891 1.39* 
Individuals 2119 743.3730 0.3508 

** Highly significant; P is 0.01 or less. 

* Significant; P is 0.05 or less, but greater than 0.01. 


From a comparison of these F values with 
those tabulated for homogeneous distribu- 
tions by Snedecor (1946: 10.4), it will be 
found that significant heterogeneity occurs 
between length groups of the same sample, 
between samples of the same locality, and 
between localities. The component of vari- 
ance associated with “length groups’ is 
obviously small. The conclusion for ‘‘sam- 
ples’” would have remained the same if the 
sum of squares and degrees of freedom for 
“length groups” and “individuals” had been 
pooled, and the resultant mean square used 
as the error term in testing this next higher 
category. In view of this, a second analysis, 
which does not allow for variation between 
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length groups but which includes all the 
data rather than only some of them, was 
undertaken with the following results: 


DEGREES 








SOURCE OF OF SUM OF MEAN 
VARIATION FREEDOM SQUARES SQUARE F 
Localities 6 520.2088 86.7015 31.97** 
Samples ll 29.8275 2.7116 7° 
Individuals 3099 ~=1103.7526 0.3562 








** Highly significant; P is 0.01 or less. 


As in the previous analysis, it is apparent 
that there are significant differences between 
the means for samples from the same locality 
and between the means for localities. The 
various means are tabulated in Table 2. 

Heterogeneity between the means of 
samples from the same locality arises chiefly 
from the material taken at Honolulu Harbor 
and Kaneohe Bay. In the former, the mean of 
one sample (42.806) differs significantly from 
those of the other two (42.352 and 42.449). 
In the latter, the mean of one sample (42.568) 
also differs significantly from those of the 
other two (42.754 and 42.707). Differences 
such as these may represent: (1) the presence 
of two or more genetically separate stocks 
within a locality; (2) the mixture of stocks 
between localities; or (3) seasonal variation 
in environmental conditions within a locality, 
the stock remaining discrete. 

Regarding (1), although the possibility of 
genetically separate stocks occurring within 
a locality cannot be ruled out, it seems un- 
likely that these would occur in fish, such as 
the nehu, which have pelagic eggs, and which 
spawn in partially enclosed waters with good 
circulation and mixing. Regarding (2), the 
possibility of schools migrating from one 
baiting area to another cannot be denied. 
However, as will be brought out in the dis- 
cussion, there is little evidence that nehu 
schools occur commonly in offshore waters. 
Regarding (3), there is a difference of about 
3°C, between summer and winter water tem- 
peratures within a locality. This, or seasonal 
differences in salinity, or a combination of 
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both, may be sufficient to induce the dif. 
ferences in mean count between samples 
within localities. 

The analysis-of-variance tables show that 
there is highly significant heterogeneity be- 
tween localities, allowing for the variation 
between samples from the same locality. In- 
spection of the data (Table 2) indicates that 
the heterogeneity stems mostly from material 
for the island of Oahu. The mean for Ala Wai 
Canal (41.539) is outstandingly low as com- 
pared with the means for all other localities. 
To determine whether it differs significantly 
from those of other Oahu localities, the mean 
square for “‘samples’”” was accepted as a 
common variance (Snedecor, 1948: 10.4), 
thus leading to a calculation of the fiducial 
interval (P=0.05) of a locality mean, which 
amounts to + 0.279. The upper “‘limit’’ for 
Ala Wai Canal (41.818) is much less than the 
lower “‘limit’’ for Pearl Harbor (42.093), the 
locality with the closest mean count. It seems 
certain that the Ala Wai Canal fish constitute 
a distinct statistical group in respect to verte- 
bral number, and that they mix little, if at all, 
with the fish of other localities. 

The striking difference between the mean 
vertebral number of Ala Wai Canal nehu and 
those of other localities may be due to genetic 
factors, environmental factors, or both. The 
probability that the difference is of genetic 
origin could be investigated only by con- 
ducting rearing experiments on Ala Wai 
Canal fish and those of other areas under 
controlled conditions. The possibility that 
the difference is of environmental origin may 
be investigated with such data as are on hand. 
Surface temperatures and chlorinities over the 
period February to June, 1949, are available 
for three stations in both Ala Wai Canal and 
Kaneohe Bay. Average determinations, made 
within 1 or 2 days of each other, are shown in 
Table 3. During this period, Ala Wai Canal 
had a temperature which averaged about 
0.7°C. higher and a chlorinity which averaged 
about 2.4 ppm lower than Kaneohe Bay. 
These, or even greater differences, are to be 
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TABLE 2 
SUMMARY OF VERTEBRAL DATA. NUMBERS OF FISH AND MEAN COUNTS ACCORDING TO SAMPLE, LOCALITY, 
AND ISLAND 
LOCALITY AND DATE SAMPLE LOCALITY ISLAND 
number mean | number | mean number | mean 
Ala Wai Canal, Oahu 
errr | 100 41.490 |) | 
RIN rs Sch Fe bien amen 241 | 41.502 || 
a ta | 113 | 41.681 |f 03 | 41-539 
Bis cas Ska bcac snare | 49 41.490 |) 
Honolulu Harbor, Oahu | 
a inte wierd a kee } 88 | 42.352 
UERIING S ois.io.n'6 dren ie Rite aioe | 108 | 42.806 | | 303 42.548 > 2117 42.340 
ren re | 107 42.449 i 
Pearl Harbor, Oahu | h 
ck cwpntednes sowie 83 42.205 = 
SRR RSIER Ee ae 113 42.496 |f 1% 42.372 
| | 
Kaneohe Bay, Oahu 
es 6x ner vinntinnan ube | 625 42.568 | 
OT PEE ee ane 244 | 42.754 |P 1115 42.639 
sixsatisesecenniee | 246 | 42.707 J J 
Kihei, Maui | | | 
I ae, ood a hin ute wad 112 42.688 
a ae 228 42.667 | 444 42.703 444 42.703 
RI 4 tisa ai data vecaecn ie iad 104 | 42.798 |j | 
Hilo Bay, Hawaii 
ss k-d:5 Ginx eww eta 288 42.608 } 288 42.608 
Kawaihae Bay, Hawaii saa 556 42.673 
So a ee eee 145 2.655 
Enns a veniennswennes 123 42.845 | f ae wa I 
TABLE 3 


MEAN TEMPERATURE (°C.) AND CHLORINITY (PPM) AT THREE STATIONS IN ALA WAI CANAL AND KANEOHE BAY 
FOR CORRESPONDING TIMES 














ALA WAI CANAL KANEOHE BAY | DIFFERENCE 
Date | Temperature | Chlorinity | Date Temperature | Chlorinity | Temperature | Chlorinity 
2/4/49 24.6 | 13.62 | 2/3/49 23.3 | 17.42 | 1.3 -3.80 
2/15/49 | 23.5 | 15.61 | 2/17/49 23.1 7.14 0.4 -1.53 
3/7/49 24.7 | 16.56 | 3/8/49 23.5 | 17.19 1.2 ~0.63 
3/16/49 24.3 17.47 | 3/15/49 | 22.6 | 18.07 1.7 —0.60 
3/21/49| = 24.3 = || = 17.19 |: 3/22/49 | 23.8 | 17.57 0.5 0.38 
3/30/49 | 24.3 | 16.26 | 3/29/49 24.0 =| 17.72 | 0.3 -1.46 
4/13/49 24.2 13.15 4/12/49 23.1 18.24 1.1 -5.09 
4/27/49 24.2 | 16.86 4/26/49 | 23.8 18.39 0.4 | =1.53 
5/2/49 24.7 17.47 5/3/49 | 24.8 18.73 -0.1 -1.26 
5/16/49 26.7 | 16.82 5/17/49 26.0 19.47 0.7 -2.65 
5/23/49 26.2 11.75 5/24/49 25.8 19.15 0.4 -7.40 
6/8/49 | 26.3 16.20 6/7/49 26.0 18.22 0.3 | 2.02 








Mean difference 0.7 —2.38 
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expected, as Ala Wai Canal is a narrow inlet 
with a small opening to the sea and with a 
relatively large stream entering near its head, 
whereas Kaneohe Bay is a large body of 
water with a wide exposure to the sea and 
with a relatively small volume of fresh water 
entering it from a few streams. As the average 
difference in temperature between localities 
(0.7°C.) is much less than the average dif- 
ference between summer and winter tempera- 
tures within localities (about 3° C.), it would 
appear that temperature alone could not 
account for the large difference in mean count 
between Ala Wai Canal (41.539) and Kaneohe 
Bay (42.639), although it is in the direction 
which might be expected. 

Differences in mean vertebral count which 
are apparently related to differences in salin- 
ity have been reported by Hubbs (1925) for 
the Pacific Coast anchovy (Engraulis mordax), 
as noted above, and also by Blackburn (1950) 
for the Australian anchovy (Engraulis aus- 
tralis). In the former, the fish in the brackish 
waters of San Francisco Bay had a much 
lower mean count (43.80) than those near 
the entrance of the bay and seaward from the 
entrance (45.73). Similarly, in the latter, the 
fish in the brackish waters of the rivers of 
Gippsland lakes also had a lower mean count 
(44.56) than those near the entrance to the 
sea (45.20). Thus, the strikingly different 
mean count for the Ala Wai Canal fish is 
probably related in large part to the brackish- 
water habitat. 

Inspection of Table 2 shows that not only 
is the mean for Ala Wai Canal (41.539) out- 
standingly low, but also that the means for 
other localities on the leeward shore of Oahu 
—Pearl Harbor (42.372) and Honolulu Har- 
bor (42.548) —are lower than that of Kaneohe 
Bay (42.639) on the windward shore. One 
might be tempted to the conclusion that there 
are also distinct populations in these other 
localities. Consideration of their relative 
sizes, extent of exposure to the open sea, 
fresh-water supply, etc., would suggest that 
Oahu localities range in the following order 
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of increasing average salinity: Ala Wai Canal, 
Pearl Harbor, Honolulu Harbor, Kaneohe 
Bay. This order conforms with progressively 
increasing mean count: 41.539, 42.372, 
42.548, 42.639. However, the fiducial inter. 
vals of the means for all localities other than 
Ala Wai Canal overlap considerably. There. 
fore, they could have arisen in random samp.- 
ling from one complex population. 

The mean vertebral counts for localities on 
the other islands also could, with some specu- 
lation, be fitted into the above gradation. 
Certainly, in the absence of more precise 
information, Kawaihae Bay, with the highest 
mean count (42.743), would be placed at the 
opposite end of the series to Ala Wai Canal, 
as it is open to the sea and has only one or 
two very small streams flowing into it which 
are dry during part of the year. Again, how- 
ever, there is no statistical evidence for the 
segregation of the mean counts of these other 
localities. 

The lack of significant differences between 
the means for localities other than Ala Wai 
Canal is more clearly demonstrated in the 
analysis of variance which follows. In this, 
the Ala Wai Canal data have been omitted. 
It will be observed that there is no longer 
significant heterogeneity between localities: 








DEGREES 
SOURCE OF OF SUM OF MEAN 
VARIATION FREEDOM SQUARES SQUARE F 
Islands 2 5.9321 2.9661 
Localities 3 15.0686 5.0229 1.50 
Samples 8 26.8484 3.3560 9.78** 
Individuals 2600 891.7377 0.3430 





** Highly significant; P is 0.01 or less. 


In the foregoing analysis, an additional 
category—islands—has been incorporated. 
It will be observed that there are no signi- 
ficant differences between the means for 
islands (Table 2). In fact, the mean square for 
islands is considerably less than might have 
been anticipated. This may be due to the 
small number of localities which were 
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sampled on islands other than Oahu. No 
conclusions as to whether or not the nehu of 
the various islands mix can be drawn from 
the analysis of the vertebral material. 


DISCUSSION 


The nehu is characteristically an inshore 
fish. For the most part, it is believed to occur 
only in certain isolated localities where the 
water is relatively more turbid and less saline 
than that of the open sea. As yet, it has not 
been seen at the outer edges of the reefs dur- 
ing numerous skin-diving expeditions, nor 
has it been taken by poisoning in these 
localitiés. However, the fact that the fish may 
be kept alive in the baitwells of vessels for 
several days in offshore waters shows that 
they can live, for a time at least, under ocean 
conditions. Moreover, there is one report of 
nehu having been seen in quantity outside 
the reef area. Mr. Lester Zukeran, a former 
fisherman and presently skipper of the Uni- 
versity’s research vessel Sa/pa, reports that, in 
the summer of 1940, large schools of nehu 
were present about a mile offshore, from 
Kaneohe Bay to Waimanalo on the wind- 
ward shore of Oahu. They were so abundant 
that they interfered with fishing, the tuna 
failing to respond to the bait when it was 
thrown overboard. As the nehu were of large 
size, larger than those caught in Kaneohe 
Bay, the fishermen advanced the theory that 
they had migrated from Kihei, Maui, where 
large fish were commonly encountered. This 
is believed to be an unusual occurrence of 
nehu in outside waters. If it were common, 
it is reasonably certain that other reports 
would have come to our attention, for there 
are many tuna fishermen operating in outside 
waters during all months of the year. On the 
basis of this information, the hypothesis 
might be advanced that an essential, discrete 
population of nehu occurs in each separate 
baiting area, but with the provision that, on 
occasion, some mixing may occur between 
the stocks of the different areas. 

The present analysis of vertebral data gives 


some support to this hypothesis, but not as 
much as might be desired for its adoption as 
a basis for regulation of the fishery. The 
existence of a separate population has been 
shown for one area only, Ala Wai Canal. For 
the others, the difference in mean vertebral 
count between localities could have arisen 
in random sampling from one statistically 
complex biological population. There is 
some indication of the presence of essentially 
separate units from the correspondence be- 
tween the order of increasing mean counts for 
localities and the order of increasingly saline 
conditions within the localities, but the latter 
were estimated and not measured. 

Although the hypothesis that essentially 
discrete units occur in each baiting area has 
not received a great deal of support from the 
analysis of vertebral material, it has not been 
disproved. More extensive sampling might 
demonstrate that there are small, but real, 
differences in mean count between localities 
and between islands, apart from the known 
heterogeneity between samples from one 
locality. Further evidence regarding the inter- 
mixture or isolation of populations, other 
than that of Ala Wai Canal, must await future 
investigations, preferably by some other 
method of study. 
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On the Identity of Stylarioides inflata (Treadwell) 
and Its Extended Distribution ( Annelida)’ 


OLGA HARTMAN? 


THE IDENTITY of a common intertidal mem- 
ber of the family Flabelligeridae (polychae- 
tous annelid) forms the basis of this report. 
The species is redescribed after a study of 
holotype specimens and other individuals 
from both adjacent and more distant regions. 
The characters of the prostomial and peri- 
stomial parts and the structure of transitional 
setae are detailed. 

The materials were collected from widely 
scattered parts of the northeastern Pacific by 
numerous individuals. Holotypes and other 
specimens are deposited in the Allan Hancock 
Foundation of the University of Southern 
California. Illustrations were prepared by 
Anker Petersen, staff artist of the Allan Han- 
cock Foundation. 


Family FLABELLIGERIDAE St. Joseph, 1894 
Genus STYLARIOIDES delle Chiaje, 1841 
Stylarioides inflata (Treadwell) 


Figs. 1a-c, 2a-f 


Trophonia inflata Treadwell, 1914: 213-214, 
pl. 12, fig. 33. 


Trophonia minuta Treadwell, 1914: 213, pl. 
12, fig. 32. 


Stylarioides dimissus Hartman, 1936: 21. 
Stylarivides inflata Berkeley, 1941: 46. 





1Contribution No. 73 of the Allan Hancock Foun- 
dation of the University of Southern California, Los 
Angeles, California. 

*Allan Hancock Foundation, University of Southern 
California. Manuscript received August 11, 1950. 


MATERIALS EXAMINED 


Holotype specimens of Trophonia inflata 
from Santa Catalina Island and others so re- 
ported (Treadwell, 1914) from Portuguese 
Bend and San Diego, California, in depths to 
21-28 fm.; holotype specimen of Trophonia 
minuta from off La Jolla in 10 fm. Other col- 
lections come from Caspar, Mendocino 
County, shore; Moss Beach, San Mateo 
County, shore; off central California in 18-42 
fm.; and along shaley coves of southern Cali- 
fornia, shore. The following station numbers 
of the Velero III (see Fraser, 1943, for data) 
are represented: 1191 (1), 1207 (1), 1210 (1), 
1232 (5), 1260 (3), 1284 (2), 1417 (2), 
1437 (2), 1456 (3), and 1468 (2), from shore 
to 39 fm., and including geographic areas 
from Oregon to Baja California, Mexico. 

The type collections of Trophonia minuta 
and T. inflata have been compared and are 
considered to represent a single species. As 
minuta is preoccupied, the correct specific 
name is inflata, as used recently (1941) by 
Berkeley. Stylarioides dimissus Hartman, 1936, 
proposed to replace the preoccupied name, 
minuta Treadwell, 1914, is thus also synony- 
mous. 

The type specimen of Trophonia inflata 
from Santa Catalina Island has been dried at 
some time but the characteristic features of 
cephalic plaque and uncini are still visible. 
The specimen labeled T. minuta comes from 
a calcareous tube in sponge. Its anterior dor- 
sal end is enlarged and obliquely truncate 
(Fig. 14), covered with a thin layer of fine 
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sand grains. The first 2 setal fascicles are much 
the longest and strongest, and directed far 
forward to form a cephalic cage about the 
anterior end. The first neuropodial fascicle 
has about 12 long, slender, transversely 
barred setae; its notopodium is larger and 
more conspicuous. The second segment has 
shorter neuropodia and notopodia with setal 
fascicles similar to those in front but smaller. 
The third segment has more reduced setae 
than those in front; its notosetae number 6 to 
8 in a fascicle; the neurosetae number 5 or 6 
and, like those in front, are distally pointed. 
Thereafter, notosetae come to be inconspic- 
uous and number only 3 or 4 in a bundle; this 
order is continued to the end of the body. 
From the fourth segment, the neurosetae are 
transitional between pointed setae and fal- 
cigerous uncini. The distal end is falcate and 
slightly to considerably thickened at the 
shoulder (Fig. 2). A weak fracture, suggest- 
ing the articulation of a composite uncinus, 
is visible with favorable illumination; such 
uncini are present in segments 4 to 6 (Fig. 
2a-c); in addition, an occasional transitional 
pointed seta can be found (Fig. 2¢). From the 
seventh neuropodium, the typical simple 
hooks (Fig. 2f) are present and continued to 
the end of the body. They number 3 or 4 in 
a series or increase to 5 or 6 at segments 10 
to 25, where the body is thickest. They are 
arranged in a single fan-shaped fascicle and 
are accompanied by very slender, hair-like, 
barred setae, located immediately in front of 
the uncini and alternating regularly with 
them. 

The fifth segment has a pair of large 
nephridial apertures located just within the 
neurosetal fascicle and on the ventral side. 

Based on various collections examined, the 
total number of segments ranges from 52 to 
75; length of a larger specimen from southern 
California is 50 to 60 mm. (preserved). The 
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Fic. 2. Stylarioides inflata. a, Uncinus from fourth 
neuropodium, 842; 4, uncinus from fifth neuro- 
podium, 842; c, uncinus from sixth neuropodium, 
X842; d, transitional uncinus from sixth neuropodium, 
X842; e, notopodial seta from a median parapodium, 
482; f, neuropodial uncinus from a median para- 
podium, 482. 


body is thickest in the region of segments 20 
to 25 and tapers to a narrow caudal end. The 
epithelial surface of the body is nearly smooth 
except for single rows of papillar fringe at the 
anterior end of the segment; this fringe ex- 
tends around the body as a circlet and gradual- 
ly diminishes in the posterior two thirds so as 
to be hardly visible. 

The prostomium, to be seen only by dis- 
section into the anterior end, is a small lobe 
with a pair of very large, nearly converging, 
dark, lenticulated eyes (Fig. 1b). The eyes are 





_ AiG. 1. Stylarioides inflata. a, Entire individual in right lateral view, <4; 5, anterior end seen from the front, 
right palpus and all except 3 tentacles cut off near the base, showing left palpus in place, prostomium with large 
eyes and oral slit, 23.2; c, portions of a barred seta from the first segment: 1, near the base, 2, near the middle, 


3, towards the tip, and 4, at the tip, 162. 
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located on a prominent cone between the 
palpal bases. Palpi are paired, large, broad, 
deeply grooved, and intermediate in length 
between the larger and the smaller tentacles; 
they are inserted at the ventrolateral margins 
of the prostomium. The tentacles are of 2 
sizes; on each side there are 6 larger dorsal 
ones in a crescentic arrangement and con- 
tinuous with the corresponding ones from 
the opposite side; in addition there are about 
13 smaller ones on a side, arranged within 
this crescent around the buccal region. All of 
the tentacles are long, cylindrical, and taper 
to blunt tips. The mouth is a broad, con- 
spicuous crescent below the prostomial lobe 
and opens into a voluminous, pouch-like 
proboscis. 

The burrow is long, U-shaped, larger at the 
cephalic end, and limited in diameter so that 
the contracted animal is closely surrounded; 
it is found in shale rocks or other penetrable 
materials such as sponge and shell masses. 


DISTRIBUTION 


Stylarioides inflata is common in low inter- 
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tidal zones to 39 fathoms, in the warmer 
parts of the northeast Pacific, from Oregon 
south at least to Baja California, Mexico. 
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Observations on a Specimen of Bluefin Tuna (Thunnus thynnus) 
Taken in Hawaiian Waters 


FRED C. JUNE! 


The bluefin tuna, Thunnus thynnus (Linné), 
has been reported from Hawaiian waters by 
several authors (Fowler, 1923 and 1928; 
Jordan and Evermann, 1926), however, it ap- 
pears only rarely in the commercial tuna 
catches from this area. The last confirmed re- 
port of the occurrence of this species was a 
landing made by a commercial long-line boat 
off the coast of Waianae, Oahu, in 1939. 
There have been reports of bluefin tuna being 
taken along the Kona coast of the island of 
Hawaii, but they have been infrequent and 
the identifications were not validated. 

On October 3, 1950, a specimen weighing 
223 pounds was captured on long-line gear 
by the vessel I/ima while fishing off the south- 
west coast of Oahu, at approximately 21° 
26’ N., 158° 27’ W. and at an estimated depth 
of 60 fathoms. 

Measurements on this specimen were taken 
on October 6, 1950, at the Kyodo Fishing 
Co., Ltd., Honolulu, where the fish catch of 
the I/ima was unloaded for disposition. Vis- 
cera, for subsequent laboratory examination, 
were also obtained at this time. The various 
measurements, according to the methods de- 
scribed by Marr and Schaefer (1949), and 
meristic counts are given in Table 1 for the 
benefit of those interested in a critical study 
of the morphometric characters and distribu- 
tion of this fish. 

In all anatomical characters examined, this 
specimen agreed with Godsil and Holmberg’s 
(1950) detailed description of the Pacific 





1 Pacific Oceanic Fishery Investigations, Honolulu, 
Hawaii. Manuscript received May 11, 1951. 


bluefin tuna, Thunnus thynnus. It also showed 
remarkable agreement with Kishinouye’s 
(1923) description of Thunnus orientalis, ex- 
cept for the author's notation regarding the 
division of the ureter as it enters the kidney. 
Kishinouye (1923: 309) states, ‘In Thunnus 
orientalis the two ureters meet in a figure like 
U, and in other forms of the Japanese tunnies 
they meet like the figure V.”” In the Hawaiian 
specimen, the ureters met in a figure V at a 
point 31 mm. within the posterior margin of 
the kidney. The left branch continued anter- 
iorly for a short distance, then diverged sharp- 
ly, whereas the right branch curved outward 
gradually from the point of division. Both 
observations follow Godsil and Holmberg’s 
findings for T. thynnus. 

Another point of apparent difference be- 
tween the description given by Godsil and 
Holmberg and that of Kishinouye concerns 
the branching of the coeliac-mesenteric ar- 
tery. Kishinouye (1923: 378) indicates the 
presence of an abortive No. 1 branch in T. 
orientalis. He states, “In [the genus Thunnus] 
the first branch is abortive and nourishes the 
oesophagus only, or is entirely absent.’’ God- 
sil and Holmberg (1950: 42) found no No. 1 
branch in T. thynnus and conclude, ‘‘Occa- 
sionally a capillary-size vessel is present, 
originating approximately where the No. 1 
branch should be, and like it running to the 
oesophagus. This vessel is so small, and is 
moreover one of several originating in this 
region and nourishing the adjacent tissues, 
that it was not considered homologous with 
No. 1 branch.” There was no evidence of a 
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No. 1 branch in the Hawaiian specimen, but 
inasmuch as the circulatory system was not 
injected, this blood vessel may have been 
overlooked. 

The coloration of the finlets in the Hawai- 
ian specimen differed from descriptions for 
this form given by other authors. Both the 
dorsal and anal finlets were bright yellow 
with broad black borders, similar to those of 
the big-eyed tuna, Parathunnus sibi. Kishi- 
nouye (1923: 439) notes that in T. orientalis 
the dorsal finlets are yellow, whereas the anal 
finlets are silvery; both are without a black 
margin. Godsil (1945: 187) states that in T. 
thynnus “*. . . the finlets, though frequently 
yellow, are not edged with black.” Roedel 


TABLE 1 


MEASUREMENTS* AND MERISTIC COUNTS OF A 
SPECIMEN OF Thunnus thynnus FROM HAWAIIAN 





WATERS 

Measurements 
NI od Sra aetna saa htnauulew en wie 1740 
eT er Ce eee 497 


Snout to insertion first dorsal.............. 531 


Snout to insertion second dorsal........... 950 
ee 1069 
Snout to insertion ventral................. 540 
Insertion ventrals to anterior edge vent..... 560 
ERY 6550 Scien wien wanwosncexwls 450 
i srs os x bak cbeeis Un blasae e's. 561 
Length longest dorsal spine............... 189 
Length first dorsal spine.................. 189 
RMI SOCONE COME... cic ccc: 268 
apn aS act ce aha aren oreo 251 
Length longest dorsal finlet............... 59 
a doce ata Saracen we iw aiees 44 
re Peer rrr rr 25 
Least depth caudal peduncle.............. 47 
Greatest width caudal peduncle at keels..... 144 
Meristic Counts 
Er ee eee re 14 
OCONEE COONONE BOVE. 6a ick crcccwcveeccces 15 
IN hs adarcrakicy en x caleer erie s 
Second dorsal plus dorsal finlets........... 23 
Ne rete crassa ati genie eee Se <a Re 15 
SE ee eee 7 
all ee 22 
Gill rakers (first gill arch)................. 12+24 





* Measurements are in millimeters. 
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(1948: 60) similarly remarks that T. thynnys 
“Jacks . . . the black edging of the finlets 
found on the yellowfin tuna when caught.” 
These discrepancies may be simply individ. 
ual color variations that exist within the 
species or real differences that show variation 
with geographical distribution. 

Until a more detailed comparison is made 
between T. thynnus from the eastern Pacific 
and T. orientalis from the western Pacific, the 
specific standing of these forms remains in 


doubt. 
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News 


During the months of November, 1951, 
through February, 1952, a field party con- 
sisting of F. Stearns MacNeil, F. R. Fosberg, 
and Theodore Arnow, all of the U. S. Geo- 
logical Survey, will conduct a scientific re- 
connaissance of a series of atolls in the 
northern part of the Marshall Archipelago. 
This project is a part of a co-operative pro- 
gram with the U. S. Corps of Army Engineers. 
The islands to be visited are Taongi, Bikar, 
Ailuk, Jemo, Utirik, Taka, Wotho, Likiep, 
Lae, Ujae, and Ujelang, with short stops at 
Kwajalein for refueling. 

The objectives will be a co-ordinated study 
of the marine geology, marine ecology, land 
geology, hydrology, soils, vegetation, fauna, 
flora, and general ecology of these atolls. The 
work is a part of the Pacific Geologic Surveys 
program of the Military Geology Branch of 
the Survey and will be done in such a manner 
as to fit into the Atoll Research Program of 
the Pacific Science Board. 

This expedition is of particular interest as 
several of the atolls to be visited have never 
been studied scientifically, and two of them, 
Taongi and Bikar, are reported to be only 
very slightly altered from their primeval state 
by human activity. It may be possible, from 
study of these islands, to gain some idea of 
the original condition of other similar atolls 
of the drier type, which are now greatly 
changed and almost entirely planted to coco- 
nuts. 


The George Vanderbilt Pacific Equatorial 
Expedition of 1951 returned to Honolulu in 
September after a 3%-month cruise through 
the Hawaiian, Leeward, and Line Islands. 
Under the joint sponsorship of the Academy 
of Natural Sciences of Philadelphia and the 


Notes 


California Academy of Sciences, the expedi- 
tion obtained the largest fish collections as 
yet taken from the Leeward and Line Islands. 
Preliminary indications are that there will be 
many new records and species. The expedi- 
tion was under the personal direction of 
George Vanderbilt who was assisted by E. S. 
Herald, California Academy of Sciences, V. E. 
Brock, Territorial Board of Agriculture and 
Forestry, and R. R. Harry, Natural History 
Museum, Stanford University, California. 


A Committee on Hydrobiology was or- 
ganized in Washington, D. C., on August 9, 
1951, under the sponsorship of the American 
Institute of Biological Sciences. As its first 
task the committee will follow up its reso- 
lution that it would be desirable to have a 
directory of the facilities and personnel in 
marine and fresh-water hydrobiology in 
North America. The directory planned will 
be sufficiently detailed to be useful to be- 
ginning scientists as well as to research 
scholars and administrators in the field. A 
second and confidential report on the status 
of hydrobiological research today and that 
proposed for the immediate future will be 
compiled for use by the Office of Naval Re- 
search and other appropriate agencies. 

Robert W. Hiatt, of the University of 
Hawaii, is chairman of this committee and 
editor of the proposed directory. Other mem- 
bers are: Arthur D. Hasler of the University 
of Wisconsin, Carl L. Hubbs of Scripps In- 
stitution of Oceanography, Daniel Merriman 
of the Bingham Institute of Oceanography, 
William E. Ricker of the Fisheries Research 
Board of Canada, and William R. Taylor of 
the University of Michigan. 
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The following publications of the Natural 
Resources Section, General Headquarters, 
Supreme Commander for the Allied Powers, 
Tokyo, Japan, have been received. Each re- 
port includes a list of all the reports previously 
published, their distribution, and rules for 
obtaining them. 

Reconnaissance Soil Survey of Japan, Northern 
Honshu Area, by Harry C. Mortlock. Re- 
port No. 110-G. June, 1951. 

Reconnaissance Soil Survey of Japan, Hokkaido, 
by Thomas M. Bushnell and Thomas E. 
Ritchie. Report No. 110-H. August, 1951. 

Safety in Japanese Coal Mines, by Major Charles 
S. Merriam. Report No. 140. January, 1951. 

Japanese Mineral Resources, by Melvin Pollard. 
Report No. 141. March, 1951. 

White Potatoes in Japan, by Ernest J. Wheeler. 
Report No. 142. May, 1951. 

Japanese Crop and Livestock Statistics, 1878- 
1950, by Joseph C. Dodson and Clark C. 
Milligan. Report No. 143. June, 1951. 

Sweet Potatoes in Japan, by Raymond E. Cul- 
bertson and James H. Boulware. Report 
No. 145. August, 1951. 

Clam Culture in Japan, by A. R. Cahn. Report 
No. 146. September, 1951. 

Properties and Uses of Commercially Important 
Japanese Woods, by H. D. Bruce, R. A. 
Cockrell, and Laurence J. Cummings. Re- 
port No. 147. October, 1951. 

Agricultural Programs in Japan, 1945-51, 
compiled by Mark B. Williamson. Report 
No. 148. October, 1951. 

Crop Insurance in Japan, by William H. Howe. 
Preliminary Study No. 58. July, 1951. 
Management and Administration of Range Lands 

in Japan, by Walt L. Dutton. Preliminary 

Study No. 60. 

Improved Forest Planting and Nursery Practices 
for Japan, by Floyd M. Cossitt. Preliminary 
Study No. 61. July, 1951. 

Japanese Antarctic Whaling Expedition, 1950- 
51, Statistical Summary, by Benjamin Gold- 
berg and Leland M. Lucas. Preliminary 
Study No. 62. July, 1951. 

Beneficiation of Japanese Ores, by William E. 
Caldwell. Preliminary Study No. 63. Aug- 

ust, 1951. 
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Policy and Program for Forest Research in Japan, 
by George W. Trayer. Preliminary Study 
No. 64. August, 1951. 

Accounting and Auditing Methods of Japanese 
Agricultural Cooperatives, by John C. Essene. 
Preliminary Study No. 65. September, 1951. 

Platinum Group Metals of Japan, by Melvin 
Pollard. Preliminary Study No. 66. Septem- 
ber, 1951. 

Pelagic Fur Seal Research off Japan in 1950, by 
Ford Wilke. Preliminary Study No. 67, 
October, 1951. 


The University of Michigan Expedition to 
the Aleutian Islands has recently completed 
its fourth year of continuous anthropological 
and botanical work. The project is co- 
sponsored by the Office of Naval Research 
and the Michigan Memorial Phoenix Project. 
Associated with the project have been A. C. 
Spaulding, J. F. Bank, W. R. Hurt, H. A. 
Miller, D. S. McClain, L. H. Jordal, and 
T. P. Bank II. 

Investigations have been undertaken on 
more than 20 islands and in 5 Aleut villages. 
Major archeological excavations were com- 
pleted at Agattu and Unalaska, and most of 
the known Aleut burial caves were visited 
and excavated below the levels previously 
sampled. 

A number of interesting correlations be- 
tween anthropological and botanical data 
have resulted. Phytoecological studies of pre- 
historic village sites indicate a close correla- 
tion between former Aleut plant uses and 
present-day vegetation and a possible corre- 
lation between the latter and age since 
abandonment of such sites. Ethnobotanical 
studies have shown the old Aleut plant lore 
to be more extensive and important to Aleut 
culture than has previously been supposed. 

Aside from botanical and archaeological 
studies, the expeditions completed ethno- 
logical studies in the present-day villages. 
Medical and economic data are available for 
a Close analysis of the trends of Aleut accul- 
turation. Plant, animal, and place names fully 
annotated with actual Aleut names provide a 
basis for linguistic comparisons among the 
various Aleut dialects and between Aleut and 
Eskimo. 




















News Notes 


Research grants received recently at the 

University of Hawaii: 

From Research Corporation, New York: 

Grant to Dr. Paul Scheuer, Chemistry, for 
research on the synthesis of a degredation 
product of strychnine. 
Grant to Dr. Carl Weatherbee, Chemistry, 
for research on the synthesis of 3-Aza-3- 
alkylbicycl (3,3,1) nonan-9-ones; a direct 
synthesis of products related to dibena- 
mines. 

From the United States Public Health Service: 
Grant in aid to Dr. G. W. Chu, Bacteri- 
ology and Zoology, for an investigation of 
the life history and epidemiology of a 
dermatitis-producing marine schistosome. 

From Office of Naval Research: 

Research contract to Dr. R. W. Hiatt, 
Zoology, for research on methods of dis- 
persing schools of fish. 

Research contract to Dr. W. A. Gosline, 
Zoology and Entomology, for an investi- 
gation of the nature of the fish faunas of the 
southern Marshall and Gilbert Islands. 
Research contract to I. M. Newell, Entom- 
ology, for research on the correlation of 
larvae and adults of the polytrichous trom- 
bidiform mites. 


Dr. W. H. Peterson, of the Department of 
Biochemistry, University of Wisconsin, Madi- 
son, Wisconsin, spoke on ‘Production of 
Antibiotics and Their Use in Animal Nutri- 
tion”’ at a seminar convened on September 24 
by the Hawaii chapter of Sigma Xi. Dr. and 
Mrs. Peterson were en route home from a 
3-month Fulbright lectureship in Australia. 
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Dr. Claude ZoBell, of the Department of 
Microbiology, University of California, La 
Jolla, California, who was returning from 
several months with the Danish Deep-sea 
Expedition on the ship Galatea, spoke on 
October 25 to a seminar of marine biologists 
about some of the microbiological aspects 
of the expedition’s investigations. 


Sir Edward Mellanby of London, en route 
home from Australia, on October 17 ad- 
dressed a meeting sponsored jointly by the 
local chapter of Sigma Xi and the Honolulu 
County Medical Society, on “Effect of 
Vitamins A and D on Bone and the Nervous 
System.” 


The Food and Agriculture Organization of 
the United Nations is providing assistance in 
various technological and biological aspects 
of fisheries research and development to many 
countries of the world, including Peru, Chile, 
Brazil, Pakistan, Ceylon, Haiti, and Thailand. 
Additional technical assistance agreements 
between FAO and other countries are being 
negotiated presently. These projects require 
the services of experts in many fields. 
Generally the tenure of the positions is 1 
year, although it may be as short as 3 months. 
Persons interested in positions with the pro- 
gram are urged to write to the Fisheries 
Division, Food and Agriculture Organization 
of the United Nations, Vialle delle Terme di 
Caracalla, Rome, Italy. 





